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New Books and Other Publications 


Chimie et Technologie du Latex de Caoutchouc. By Georges Génin. With a 
preface by Emile Fleurent. Paris: Revue Générale du Caoutchouc, 1934. Pp. ii + 
392. 

Though the object of this book is not stated in the preface, it has clearly been in- 
tended to present a complete review of the subject of latex with special reference to 
its technical applications, covering in fact much the same ground as the recent book 
by Marchionna. The author, indeed, acknowledges the latter as an important 
source of patent and literature references, but whereas Marchionna is content to 
give more or less a catalogue of abstracts, Génin welds the matter together into a 
continuous and more readable whole. 

The scope of the book cannot be better indicated than by enumerating the 
chapter headings and subdivisions. I: Historical. II: Collection of Latex (rub- 
ber-yielding trees; formation and physiology of latex; tapping). III: Composition 
and Properties of Latex (physical properties; composition and chemical properties; 
determination of rubber content and pu; rubber hydrocarbon; non-rubber com- 
ponents). IV: Coagulation of Latex and Preparation of Rubber (theory of co- 
agulation; coagulation by chemicals; preparation of crepe and sheet; other meth- 
ods of preparing rubber). V: Preservation, Transport, and Concentration (use of 
ammonia, caustic alkalis, antioxidants, etc.; methods and economics of transport; 
concentration by filtration, evaporation, centrifuging, and creaming). VI: Prepa- 
ration of Latex Mixings—Concentration and Vulcanization (apparatus for prepar- 
ing and incorporating fillers, etc.; latex compounding ingredients; handling, con- 
centrating, and vulcanizing compounded latex). VII: Manufacture of Dipped 
Goods from Latex (thickening latex; coagulation after deposition; simultaneous 
thickening and coagulation; practical applications). VIII: Impregnation of 
Fibers and Fabrics—Latex in the Textile Industry (difficulties of impregnation; 
improving rubber-fiber adhesion; impregnating and coating fabrics; miscellaneous 
uses; latex thread). IX: Electrophoretic Deposition of Rubber from Latex 
(mechanism of electrodeposition, and factors influencing it; special technic; 
applications; properties of electrodeposited rubber). X: Miscellaneous Uses of 
Latex (sponge and microporous rubber; moldings; paper and board; rayon; 
paint; adhesives; latex-bonded materials; footwear and artificial leather; auto- 
mobiles; insulating materials; road materials). An appendix gives statistics of 
exports of latex, and of its consumption by rubber-manufacturing countries. It 
will be seen that a considerable part of the book deals with the direct application of 
latex in rubber manufacture; this, indeed, is as it should be at a time when latex 
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processes are developing so extensively and with such far-reaching effects on the 
technic of the Industry. The chapters on latex technology are of necessity very 
largely a review of patent literature—British, French, German, American, and 
others. 

The subject matter appears to have been dealt with in a complete manner, and is 
quite up-to-date, as the references cover literature up to about the end of 1933, and 
such recent topics as powdered rubber, the extraction and utilization of que- 
brachitol and Hevea lipin, etc., are fully discussed. To the practical man a chapter 
giving concise recommendations for the analysis and testing of latex for technical 
purposes would have been a valuable addition; actually, a fair amount of informa- 
tion is given on this subject, but is found scattered through the chapter on ‘‘Proper- 
ties.” 

The book will prove a mine of useful information to all interested in the tech- 
nology of latex. A few inaccurate statements, noticed casually, point to the need 
for some revision. [From The India Rubber Journal of London.] 


Gutta-percha und Balata. Their Substitutes and Mixtures. By Emil J. 
Fischer. 1933. Allgemeiner Industrie-Verlag G. m. b. H., Kommandan Strasse 
15, Berlin-Lichterfelde, Germany. 184 pages, 6 X 9 inches. Illustrated. In- 
dexed. Price 10 Reich Marks. Postage 0.4 R. M. extra. 

This handbook condenses in brief space the botany, collection, commercial 
statistics, properties, uses, and technology of gutta-percha, balata, and allied 
gums. [From the India Rubber World. | 


Seventeenth Report on Native Rubber Cultivation. Published by the 
Bureau of Agricultural Economics, Batavia, Java. 14 pp. 1934. 

“The year 1933 has been one of the most remarkable years in the history of 
native rubber cultivation in Netherlands India,” conclude the authors of this 
quarterly review. How sharply the export of native rubber from the Dutch 
East Indies reacted upon last year’s price increase in the community is shown by 
the fact that shipments in the fourth quarter were three times those of first three 
months of the year. [From The Rubber Age of New York.] 


Rubber Cements. Letter Circular LC 411. Published by the Bureau of 
Standards, Department of Commerce, Washington, D. C. 20 pp. 1934. For 
free distribution. 

In answer to inquiries about the composition, preparation and uses of rubber 
cements, the Bureau of Standards has issued this letter circular, designed particu- 
larly for the individual, not expert in rubber technology, who wishes to employ 
a rubber cement for a certain purpose. The ingredients, the production and the 
uses of vulcanizing and non-vulcanizing rubber cements and of latex cements are 
treated in detail, with references to commercial sources of supply. [From The 
Rubber Age of New York. ] 


Rubber Producing Companies—1934. Compiled by the Mincing Lane 
Tea & Rubber Share Brokers’ Association, Ltd., 14 Mincing Lane, London, E. C. 3, 
England. Published by “The Financial Times,’ Ltd., 72 Coleman Street, 
London, E. C. 2. 

This standard work follows the lines of previous editions. The authentic and 
exhaustive information concerning over 575 companies, includes capital, acreage, 
latest accounts, crops, purchase price, dividends, forward sales, estimates, etc. 
Particulars are also given of many companies with tea and coffee interests, also 
a list of directors and secretaries of rubber companies. [From the India Rubber 
World. | 
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Annual Survey of American Chemistry. Vol. VIII, 1933. Edited by 
Clarence J. West. Published for National Research Council by The Chemical 
Catalog Co., Inc., 330 W. 42nd St., New York, N. Y. Cloth, 403 pages, 51/2 X 81/2 
inches. Indexed. Price $4.50. 

This survey of chemical progress covers 25 topics, of which 12 are confined to 
the field of pure science. Among the topics of industrial interest is that of rubber 
reviewed by H. L. Trumbull, research chemist of The B. F. Goodrich Co., Akron, O. 
The scope of this chapter covers discussion and references to published work on 
the following subjects of rubber research: crude rubber; rubber hydrocarbon: 
purification and properties; vulcanization and the structure of vulcanized rubber; 
accelerators of vulcanization; age resisters; control and testing; pigments; com- 
pounding ingredients; cements and adhesives; rubber technology; latex and 
rubber dispersions; synthetic rubber and rubber-like products; and rubber 
derivatives. [From the India Rubber World. | 




















[Reprinted from the Journal of the Society of Marg mm Vol. 53, No. 18, pages 127-131T, 
ay 4, 


Delayed-Action Accelerators 


W. J. S. Naunton, W. Baird, and H. M. Bunbury 


There is little doubt that the discovery of organic accelerators of vulcanization 
was made more or less simultaneously in two parts of the world and as the result 
of two entirely different investigations, neither of which had as its target the dis- 
covery of accelerators. 

In the United States it is recorded by Oenslager, who was awarded the Perkin 
Medal in 1932 for this work, that he was looking for a compounding ingredient 
which would impart to rubber goods made from the cheaper grades of rubber the 
superior wearing qualities then obtained only from fine Para. To his astonishment 
these organic substances not only improved low-grade rubbers, but brought about 
a considerable improvement in the goods made from the best grades of rubber, 
and further made possible a considerable reduction in the time of cure. 

In Germany chemists were searching for the active principle which rendered rub- 
ber comparatively stable to oxidation. Synthetic rubber and natural rubber from 
which the nitrogenous substances had been extracted were unstable. From these 
facts it was a simple step to try organic bases as stabilizers of both synthetic and 
raw rubber, and it was then found that they not only protected the rubber against 
oxidation, but also accelerated the vulcanization of the rubber to which they had 
been added. 

There is, however, little doubt that accelerators were used in factory production 
in the United States for some years before they were generally employed in Europe. 

From this period up to the present time, advances in the chemistry of accelerators 
have been made very largely by submitting the accelerator in general use at the 
time to further chemical treatment. The early accelerators, namely, aniline and 
similar aromatic amino compounds, were obviously destined to a short life because 
of their extreme toxicity, with the result that simple derivatives of aniline in which 
the toxic amino-group had been “stopped” by some simple chemical reaction such 
as treatment with carbon disulfide were the next stage of development. The thio- 
ureas had comparatively long innings and, according to Oenslager, reached a con- 
sumption of something like 2000 tons per annum. They had, however, one serious 
defect, and that was a quick “kick-off,” in spite of the fact that they were really 
slow accelerators. 

At about this time, attempts were made by three schools of workers, namely, 
Bedford and his collaborators in the States, Twiss and his colleagues in England, 
and Bruni and his co-workers in Italy, to attack the problem of the mechanism of 
accelerator action in a fundamental way. Obviously, one of the first reactions to 
be studied was the effect of heating the accelerator with sulfur, when it was found 
that thiocarbanilide was converted into mercaptobenzothiazole, a result which was 
to be expected from the work of Jacobson, who had shown (Ber., 24, 1400 (1891)) 
that mercaptobenzothiazole was formed by heating phenyl mustard oil with sulfur. 
Bruni suggested that mercaptobenzothiazole was therefore the active agent when 
thiocarbanilide was used as an accelerator. In some respects mercaptobenzothia- 
zole was not as fierce as thiocarbanilide, but it was still too fast to be used in the 
plant available at the time, and furthermore its advantage was not realized or re- 
vealed at this stage. Now in the minds of rubber technologists the activity of an 
accelerator would be connected with the presence of two elements, namely, nitrogen 
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and sulfur, and it was therefore only logical that the next step should be the removal 
of sulfur, since treatment with sulfur had given a product which was still too fast 
for general use at that time. Desulfurization of thiocarbanilide in the presence of 
ammonia was therefore tried, and the resulting product, namely, diphenylguanidine, 
met the bill. It was fast, but not too fast, and above everything else it was safe, 
and safety was the essential feature in the accelerator which was to introduce 
most of the rubber technicians of the world to the new speeded-up technique. 
For a few years the old school of “locked-book compounders”’ resisted the use of 
diphenylguanidine, but it was not long before every rubber manufacturer was using 
diphenylguanidine in one or more of his compounds. Its price fell in this country 
from 6s. to 2s. per lb., and its annual consumption throughout the world soon 
amounted to several thousands tons per annum. 

In the meantime mercaptobenzothiazole loomed in the background—a substance 
invented before the world was ready for it! We wonder how many practical rubber 
men realize that mercaptobenzothiazole was patented as a rubber accelerator be- 
fore diphenylguanidine, although it is true that the latter patent was not upheld in 
the famous litigation of 1927. 

One concern at least had faith in its product, and immediate steps were taken 
to modify the plant and technique of tire manufacture so as to enable this fast ac- 
celerator to be used. The question was asked whether it was worth rebuilding the 
plant in order to speed up production at a time when most manufacturers could 
handle their output in their existing equipment. But it was not a matter of speed- 
ing up production; it was a far more important matter, namely, increased resistance 
to abrasion, and not only that, but maintained resistance to abrasion, since the new 
accelerator not only conferred improved resistance to abrasion on the freshly cured 
rubber, but owing to its excellent aging characteristics it enabled this resistance to: 
be better maintained throughout the life of the tire. 

Now why is resistance to abrasion so important? Because it is the “‘shop-win- 
dow” of the tire trade. A 20 per cent improvement in the quality of the cord fabric 
used in the construction of a tire would probably pass unnoticed by the general 
public, but the same improvement in the wearing qualities of a tread would be the 
finest publicity a tire manufacturer could desire. 

After a few years the tire trade in general changed over from diphenylguanidine 
to mercaptobenzothiazole, but in several cases, especially where the plant had not 
been provided with improved cooling devices, there was considerable trouble with 
scorching. The improved cooling devices included the use of refrigerated water, 
bigger cores in mill rolls, internal spray-cooling, spray-cooling of the mixed batch, 
extrusion into counter-current water-cooling troughs, and so on, but all these de- 
vices cost money to install. It would obviously have been a better economic propo- 
sition to modify the accelerator, and thus we enter into the last chapter—the real 
one which we wish to consider—in which an account will be given of the attempts 
which have been made by accelerator chemists to convert mercaptobenzothiazole 
into an accelerator which had the same good resistance to abrasion and aging prop- 
erties, but with the safety of diphenylguanidine. 

The question may be asked at this stage: why was a search not made for an 
entirely different chemical substance which might possess all these desirable 
characteristics? This of course was being done, but the more immediate prospects 
of success lay in following the old-established mode of procedure, namely, searching 
for some easily obtainable chemical modification of the established product. 

Let us now consider the question of making the use of a fast accelerator safer or, 
what amounts within limits to the same thing, of obtaining a “trigger” or ‘‘delayed- 
action” effect. 
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Five substances may be involved in vulcanization: (1) rubber, (2) sulfur, (3) 
activator (usually zinc oxide), (4) retarder, (5) accelerator. It should therefore be 
possible to obtain a safe effect in vulcanization by five entirely different methods, 
namely: 

(1) By the use of a synthetic rubber or a chemically modified natural rubber 
which was difficult or impossible to vulcanize at temperatures below, say, 130°, but 
this is obviously not a practical proposition. 

(2) By the use of some sulfur compound which either by thermal decomposition 
or chemical reaction would set free its sulfur for use in the vulcanization at tem- 
peratures of the order of 130°. 

It is true that accelerators are known (the substituted thiuram disulfides) which 
give up a portion of their sulfur to the rubber during cure and thus act both as 
accelerators and curing agents, but unfortunately they give up this sulfur at proc- 
essing temperatures and thus scorch just as readily as, or even more readily than, 
when used normally with free sulfur. 

(3) By the use of an insoluble zinc salt or complex which would only set free 
zinc oxide (or some form of zinc capable of reacting with fatty acids) at vulcanizing 
temperatures. 

(4) By the use of a retarder which would retard the vulcanization at low tem- 
peratures but not at higher temperatures, or alternatively would be destroyed either 
by heat or chemical reaction at vulcanizing temperatures and hence cease to exert 
its retarding influence. 

The liberal use of softeners may come into this category since many of the com- 
mon softeners such as pine tar are by virtue of their organic acid or phenol content 
definite retarders, but of course they also act by reducing the energy consumption 
of milling and hence the temperature of the mix, although they are not a solution 
to the problem, since excessive softener decreases the resistance to abras‘on. 

Many so-called “anti-scorching agents’ have been introduced during the ast 
few years Litharge and cadmium oxide have been suggested, and may act by 
conversion of the accelerator into the lead or cadmium salts, which generally are 
less active than the zinc salt. 

Various organic acids, such as benzoic, salicylic, and phthalic acids, and acid 
resins such as glyptal resins, have been suggested and used to some extent. These 
retarders suffer from the defect that they not only retard premature vulcanization 
but retard to some extent cure at vulcanizing temperatures. They are also very 
difficult to disperse in rubber. Diphenylnitrosoamine is also recommended for 
use with mercaptobenzothiazole, and its action is to convert by oxidation the mer- 
captobenzothiazole into its disulfide, which has a higher critical temperature. 

(5) And lastly, we come to modification of the accelerator itself. 

There are two ways of modifying the accelerator: either (a) by using it with 
one or more other accelerators, or (b) by modifying it chemically and then using 
it either alone or in combination with another accelerator. 

The effect of either of the above methods may result in a new combination which 
may show either or both of the following properties: (a) it may have a higher 
critical temperature, for example, its activity at 110° may be very small but it 
may be just as rapid as the original parent accelerator at 140°, or (b) it may show 
a delayed-action effect over a wide range of temperatures including vulcanizing 
temperatures. 

Before passing on to consider some of the various attempts which have been made 
to produce these safer accelerators, some of the advantages and disadvantages of 
these two types of accelerators may be reviewed. 

The true delayed-action accelerator should be the ideal accelerator for use in 
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articles to be cured in a big multi-daylight press where time is required for dressing 
and closing the press, and also for use in sponge rubber where blowing of the mass 
is required before set-up, but it could not be used for the curing of articles shaped on 
formers, since there would be the danger of sagging by softening before set-up. 
For such articles, the best results would be obtained with an accelerator with a 
sufficiently high critical temperature not to scorch during processing, but to give 
a quick set-up at vulcanizing temperature. The quicker the set-up at vulcanizing 
temperature the better the result. 

The various attempts which have been made to convert mercaptobenzothiazole 
into a safer accelerator may be divided into three main classes: 

(1) By use in admixture with other accelerators. Generally speaking it is im- 
possible to produce delayed-action accelerators by mere admixture with other ac- 
celerators, although this is not a universal rule, since a mixture of tetraethylthiu- 
ram disulfide and dibenzothiazyl disulfide shows this effect to a marked degree 
(Imperial Chemical Industries, Jones and Naunton, British Patent 395,705), and 
what is more astonishing is that the effect is not obtained to the same extent when 
tetramethylthiuram disulfide is substituted for the ethyl compound. The expla- 
nation of this difference probably lies in the relative ease of reduction of the methyl 
and ethyl compounds by hydrogen sulfide. 

(2) By conversion into certain of its salts; in this way the best results are ob- 
tained with the cadmium and the manganese salts, whereas the lead salt does not 
give the improvement which might be expected from results obtained with other 
accelerators. 

Tensile Strength, Kg. per Sq. Cm. 
50 Min. at 20 aan at 


140 
160 
103 
136 
142 


(3) By conversion into a derivative usually by condensation. Two main condi- 
tions are essential: (1) the condensation product must not be too stable, and (2) 
for economic reasons the substance with which the mercaptobenzothiazole is con- 
densed must be a reasonably inexpensive product and preferably an intermediate 
product for the dyestuff industry. 

The first published work on the effect of substitution in the mercaptobenzothia- 
zole molecule was carried out by Sebrell and Boord (Ind. Eng. Chem., 15, 1009 


(1923)), who showed that the essential group in the accelerator was the -‘S-C-‘SH 
and that alkyl group substitution in the aromatic ring had really little practical 
effect on the activity of the accelerator. Any substitution, however, which inter- 
fered with the SH group greatly reduced the accelerating power of the resulting 
product. 

It follows therefore that if the hydrogen in the SH group could be replaced by a 
group which would split off either by the action of heat or by hydrolysis, a delayed- 
action or trigger accelerator would be produced which would be safe at processing 
temperatures (that is, assuming the decomposition temperature to be sufficiently 
high), but which would act like mercaptobenzothiazole (or, in fact, would act as mer- 
captobenzothiazole) at curing temperatures. Many such derivatives have been 
made and patented by all the firms engaged in the manufacture of accelerators. 

The exact mechanism by which these delayed-action accelerators or, in fact, any 
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accelerators, work is unknown, but the following experiments seem to indicate that 
hydrolysis may play a not unimportant part in it. 

A 0.05 N solution of the mercaptobenzothiazole derivative in glycol monoethyl 
ether and an equal volume of 0.1 N alcoholic sodium hydroxide were shaken together 
at room temperature. Samples were taken at regular intervals from the agitated 
mixture, and the unreacted sodium hydroxide was determined by titration with 
0.1 N hydrochloric acid to thymolphthalein. The figures given in the following 
table show the amount of sodium hydroxide which has reacted at definite times, 
corrections being made by carrying out a blank in the same apparatus using glycol 
ether and alcoholic alkali. It is not deemed advisable to convert the figures for the 
amount of caustic taken up to percentage hydrolysis, as in the cases of the acetonyl 
and chloronitrophenyl derivatives the products of hydrolysis and their effect on 
the indicator have not been determined, apart of course from mercaptobenzo- 
thiazole. 

The curious behavior of the benzoyl and dinitrophenyl derivatives in undergoing 
rapid hydrolysis to the extent of about 50 per cent and then ceasing is probably due 
to the glycol ether entering into the reaction, as a similar experiment with the ben- 
zoyl derivative in acetone and using aqueous 0.1 N alkali gave approximately com- 
plete hydrolysis almost instantaneously. The dinitropheny] derivative was found 
to be too insoluble in acetone to be treated in a similar manner. 

It will be seen at once from the following table that the activity of the derivative 
as an accelerator is roughly in line with its rate of hydrolysis. 


% Sodium Hydroxide Reacted after 


m 
Derivative* ; 1 Min. 5 Min. 15 Min. 30 Min. 


53 53 53 
12 18 20 

0 0 0 
60 60 60 


52 52 54 


ah 


E 


It is convenient to divide the condensation products into six main groups: 
1. Condensation with Itself 


The disulfide, M-S-S-M, which was patented in the United States by Sebrell at the 
same time as mercaptobenzothiazole itself, is a safer accelerator, since it has a 
higher critical temperature and a slight delayed-action effect at vulcanizing tem- 
peratures. Its safety is probably based on the fact that it must be reduced to the 
mercaptan before it can become active. One is therefore, in fact, curing with 
mercaptobenzothiazole without its scorching danger. 

The monosulfide M:S-M (Imperical Chemical Industries, Bunbury, Naunton, 
and Sexton, British Patent 352,165) is of much lower activity than the disulfide; 
in fact, it is altogether too weak an accelerator to be used by itself, but when 
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employed with a basic accelerator such as diphenylguanidine, it is of very great 
interest. This therefore is the first example in this paper of a mercaptobenzothia- 
zole derivative, which is too weak in itself to be of interest, but when used with di- 
phenylguanidine exhibits properties which are actually an improvement on those 
of the mercaptobenzothiazole itself. 
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Figure 1 


So far we have only enumerated the advantages of mercaptobenzothiazole; the 
outstanding defect is certainly its lack of resiliency or, in other words, it does not 
give a “snappy” vulcanizate like that given by diphenylguanidine. For solid tire’ 
work and for the heavy treads of giant pneumatics, and to a smaller extent perhaps 
for small treads, this resiliency is of great importance. 

The time-tensile curves given in Fig. 1 show that dibenzothiazyl disulfide is a 
little safer at 141° than mercaptobenzothiazole itself, but both give a low-tensile 
vulcanizate. Dibenzothiazyl monosulfide alone is too slow to be of interest. A 
mixture of dibenzothiazyl disulfide and diphenylguanidine is practically as fierce as 
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w- fn) Se 
Time of heating at 100°. 
Figure 2—Scorching Curves Made with Recovery Plastometer 


a mixture of mercaptobenzothiazole and diphenylguanidine, but both mixtures give 
a high modulus (7. e., snappy) rubber. Consideration of the dibenzothiazyl mono- 
sulfide-diphenylguanidine curve shows that it is safer than mercaptobenzothia- 
zole, but it has the snappiness of the mercaptobenzothiazole-diphenylguanidine 
mixture. 
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2. Alkyl and Substituted Alkyl Derivatives 


No cure 

Indication = 1-2 kg./sq. cm. 
Slight = 2-30 kg./sq. cm. 
Medium = 30-100 kg./sq. cm. 
Reasonable = 100-150 kg./sq. cm. 
Good = 150-220 kg./sq. cm. 


Mix: 
Rubber 100 
Barytes 75 
Zinc oxide 10 
Sulfur 2.5 
Accelerator 
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3. Aryl and Substituted Aryl Derivatives 
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@ Rubber Service Laboratories, Inc., British Patent 316,932. Naugatuck Chemical Co., British 
Patent 340,573. 
I. G., British Patent 392,046. 
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N 


4. Acyl Derivative: 
N 
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R 


R G G 


All the above compounds are covered by the patent of the Dunlop Rubber Com- 
pany, Twiss and Jones, British Patent 346,853. 


5. Formic and Carbamic Acid Derivatives 


M-S-CO.C;H; s M s R 
M-8-CO.C.Hs Ss M R G 
M-8:CO,CioH; s M M G 


The above products are covered by the Dunlop Rubber Co., Twiss and Jones, 
British Patent 353,871. j 
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6. Heterocyclic Compounds 
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The above products are included in a patent application by Imperial Chemical 
Industries, Bunbury, Davies, and Naunton. 


In addition there is the entirely different method of using free mercoptobenzothia- 
zole together with a derivative of a basic accelerator which will be set free at curing 
temperature and activate the mercaptobenzothiazole. This may be by simple 
thermal decomposition such as the setting free of ammonia by the decomposition 
of urea, or by chemical reaction accelerated by heat such as the setting free of di- 
phenylguanidine from its neutral or acid salts. 

It will be seen from the table given below that the use of the neutral salts of di- 
phenylguanidine is not effective, since the activity of mercaptobenzothiazole would 
be at least unimpaired, but perfectly satisfactory results are obtained by using 
the acid salts of diphenylguanidine with polybasic acids (Imperial Chemical Indus- 
tries, Bunbury, Davies, and Naunton, British Patent 381,189; Rubber Service 
Laboratories Co., Inc., British Patent 391,122). 

50 Min. 20 Min. 
at 110° at 141° 


MBT + DPG Overcured 
MBT + DPG, HCl G 
MBT + (DPG).CsH4(CO.H). 

MBT + DPG, C,H.(CO.H). 

MBT + (DPG).[CH(OH)(CO.H) |. 

MBT + DPG.-|CH(OH)(CO,H) |. G 


It might be assumed that equally good results could be obtained by milling into 
the mix mercaptobenzothiazole, free diphenylguanidine, and the same amount of 
tartaric acid, but such is not the case, probably because of the difficulty of dispers- 
ing certain acids in rubber. 


Latex Accelerators 


Lastly, consideration should be given in view of the possibility of latex develop- 
ments in tire manufacture to the use of mercaptobenzothiazole in latex compound- 
ing. Here the converse of what has been discussed is required, namely, an acceler- 
ator which will have the good properties of mercaptobenzothiazole, but be much 
faster and more precocious than the parent substance. The accelerators obtained 
by the condensation of mercaptobenzothiazole and strong bases with formaldehyde 
(Schiff’s bases) fulfil the requirements (Imperial Chemical Industries , Bunbury, 
Davies, Naunton, and Robinson British, Patent 377,253) ; for example, M-S-CH2-R, 
where R = piperidine or NEt2, are powerful accelerators which will give full 
cures at low temperatures. 

In conclusion the authors wish to express their thanks to Imperial Chemical 
Industries, Ltd., for permission to publish the results embodied in this paper. 





[Reprinted from Transactions of the Institution of the Rubber Industry, Vol. 9, No. 5, pages 351-362, 
February, 1934.] 


Accelerators Derived from 
Piperidine 
M. W. Philpott 


DEPARTMENT OF CHEMISTRY AND RUBBER TECHNOLOGY, THE NORTHERN POLYTECHNIC, LONDON 


Before the year 1913 piperidine was a compound of little more than academic 
interest and seldom to be found in considerable quantities outside the chemical 
laboratory. At about that time it became known that many organic bases, and in 
particular, piperidine and its homologs, had the effect of accelerating the vul- 
canization of rubber. Had piperidine then been available at a reasonable price, 
there is no doubt that large quantities would have been absorbed by the rubber 
industry. Apart from the high cost of the material, however, piperidine and other 
bases were not free from the objection that they were volatile and unpleasant to 
handle in the ordinary mixing process. In the light of modern standards, the degree 
of acceleration imparted by these bases would be regarded as being of a low order. 
In those days, however, the effect had a considerable practical significance. In 
attempting to make use of these bodies in a more convenient form, it was subse- 
quently shown that the compounds formed by the reaction of carbon disulfide 
with aliphatic amines had an accelerating effect that was much more intense than 
that of the amine itself. In particular, the product obtained from the reaction of 
piperidine with carbon disulfide, namely, piperidy] pentamethylenedithiocarbamate 
(P.P.D.), was found to have exceptionally useful properties. It is probably true to 
say that this product was the first ultra-accelerator to acquire commercial im- 
portance. 

The comparatively recent commercial development of the production of piperi- 
dine by the reduction of pyridine has led to a fresh examination of some piperidine 
derivatives as accelerators. 

As is well known, piperidyl pentamethylenedithiocarbamate is an extremely 
active accelerator and is particularly suitable for low-temperature curing. Its 
great activity at low temperatures renders it necessary to observe the usual pre- 
cautions against premature vulcanization that are now well known to rubber 
manufacturers. There are, however, many special methods in use for special types 
of work that do not entail any risk of scorching even with such active acclerators 
as piperidyl pentamethylenedithiocarbamate. For example, spread goods are 
often made by spreading coats containing sulfur alternately with coats containing 
the accelerator. Another way of avoiding pre-vulcanization with thin rubber goods 
is to introduce the accelerator by dipping the formed article or calendered sheet 
into a solution of the accelerator and subsequently drying and vulcanizing. Again, 
vulcanization may be effected by suspending the articles in an aqueous solution 
of piperidyl pentamethylenedithiocarbamate maintained at a temperature of about 
90° C. By these and other methods it is possible to make use of the great activity 
of piperidyl pentamethylenedithiocarbamate without exercising unusual care. 

The extreme activity of piperidyl pentamethylenedithiocarbamate at low tem- 
peratures is responsible not only for its usefulness as an ultra-accelerator, but also 
for its limitations. The question of the prevention of premature vulcanization is 
one that continually exercises the user of ultra-accelerators, and it is not surprising 
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that in recent years much ingenuity has been directed toward the solution of this 
problem. In the following descriptions of accelerators, therefore, emphasis is laid 
on the question of overcoming this tendency of ultra-accelerators to cause scorching 
and pre-curing. 

Investigation has shown that there are several convenient methods of modifying 
the properties of piperidyl pentamethylenedithiocarbamate, and of these the 
following should be mentioned: (1) by replacing one of the piperidyl groups by a 
metallic radical, (2) by introducing acidic groups into the molecule, and (3) by 
oxidizing the dithiocarbamate to the corresponding thiuram sulfide. 

(1) Whereas piperidyl pentamethylenedithiocarbamate is soluble in water, 
slightly volatile and slightly unstable, all these characteristics can be modified 
by substituting various metals. The compounds of this class which have been 
commercialized are the zinc, lead, cadmium and sodium derivatives. 

Zinc pentamethylenedithiocarbamate (Z.P.D.) is a compound that has been 
often described in the literature as an ultra-accelerator. It differs from piperidyl 
pentamethylenedithiocarbamate in being less active at very low temperatures 
(below 110° C.), and in being insoluble and more stable than piperidyl penta- 
methylenedithiocarbamate. In latex processes in which it is desirable to use an 
insoluble accelerator, zinc pentamethylenedithiocarbamate is generally used in 
place of piperidyl pentamethylenedithiocarbamate. 

Lead pentamethylenedithiocarbamate (L.P.D.) is still further removed in 
character from piperidyl pentamethylenedithiocarbamate. Whereas zinc penta- 
methylenedithiocarbamate is not so prone to cause scorching as piperdyl penta- 
methylenedithiocarbamate, it is yet very active at low temperatures and must be 
handled cautiously. The problem of producing a dithocarbamate of a very safe 
character is one that has not yet been completely solved, but the lead salt of the 
series (L.P.D.) is a great advance from the safety point of view over both piperidyl 
and zinc pentamethylenedithiocarbamates. Lead pentamethylenedithiocarbamate 
depends for its safety on its comparatively small activity at low temperatures, and 
this is illustrated in Table I, which shows the comparative times required for the 
development of the first signs of vulcanization at 70° and 100° C. Lead penta- 
methylenedithiocarbamate suffers from the defect that it blackens during vulcaniza- 
tion on account of the formation of lead sulfide. 


TABLE I 


Rewative Activities aT Low TEMPERATURES IN A Pure MIxinG 

Accelerator Time for Onset of Cure 

35% 70° 100° 
Piperidyl pentamethylenedithiocarbamate 2 Hours 65 Minutes 
Zine pentamethylenedithiocarbamate 71/, Hours 200 Minutes 
Lead pentamethylenedithiocarbamate 15!/, Hours 405 Minutes 
Cadmium pentamethylenedithiocarbamate 15 Hours 290 Minutes 


The corresponding cadmium compound was also produced with a view to ob- 
taining an accelerator with a reduced activity at low temperatures. Cadmium 
oxide has the property of functioning as an activator for accelerators in the same 
way as zinc oxide. The use of cadmium oxide has also been claimed for preventing 
scorching and pre-curing of rubber accelerated with thiuram sulfides and dithio- 
carbamates. In addition to the oxide, other compounds of cadmium have been 
examined in their effect on various accelerators. The conclusions reached were 
that the effect of small percentages of cadmium on accelerators depended upon the 
accelerator, the actual cadmium compound, and the temperature of vulcanization. 
In view of the variability due to the type and quantity of cadmium compound and 
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the nature of the accelerator, it was thought that a definite compound between 
the accelerator and metal would be a convenient way of utilizing the valuable 
properties of cadmium. Cadmium pentamethylenedithiocarbamate (C.P.D.) is a 
white insoluble powder, and is chemically analogous to the corresponding zinc 
salt. The relation between the properties of these two accelerators is illustrated 
by a comparison of their activities at different temperatures. Figure 1 shows that 
the two compounds are of a similar activity at 141° C. but at lower temperatures 
cadmium pentamethylenedithiocarbamate is considerably less active than zine 
pentamethylenedithiocarbamate. This suggests that it should be possible to mix 
stocks accelerated with cadmium pentamethylenedithiocarbamate under condi- 
tions that would produce scorching with the zinc salt. This inference has been 
abundantly confirmed by scorching tests in the laboratory (Table I) and in the 
factory. Cadmium pentamethylenedithiocarbamate has an advantage over the 
lead compound in having no tendency to discolor the vulcanized rubber. 

The latest addition to the group of dithiocarbamates derived from piperidine is 
sodium pentamethylenedithiocarbamate (S.P.D.). In this, one piperidyl group 
of piperidyl pentamethylenedithiocarbamate is replaced by a sodium atom. The 
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product is freely soluble in water, and is therefore of a special interest as a latex 
accelerator. At moderate vulcanizing temperatures (115-140° C.) the activity of 
sodium pentamethylenedithiocarbamate is similar to that of piperidyl penta- 
methylenedithiocarbamate, but at very low temperatures it is much less active. 
This means that it is less difficult to handle than piperidyl penfamethylenedithio- 
carbamate. At the same time, sodium pentamethylenedithio-carbamate is far from 
being a safe accelerator in the sense that lead pentamethylenedithiocarbamate is a 
safe accelerator. It is indeed extremely active at low temperatures. 

As mentioned above, sodium pentamethylenedithiocarbamate is particularly 
suitable for latex work where a soluble accelerator is desired. It may be used with 
advantage in all types of latex curing whether the goods are made by deposition, 
dipping, or impregnation. Dipped goods can often be very conveniently vulcanized 
by suspending in a 2 per cent solution of sodium pentamethylenedithiocarbamate 
heated to a temperature of about 90° C. 

The replacement of a piperidyl group in piperidyl pentamethylenedithiocarba- 
mate by other metallic radicals was tried with varying results. For example, the 
tin, nickel, cobalt, calcium, and magnesium derivatives are all well-defined com- 
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pounds and were closely examined. Some of them were of no interest at all, while 
others appeared to have a limited field of application. 

(2) The introduction of acidic groups into the accelerator molecule generally 
has the effect of reducing its accelerating power. In view of the claim that nitro 
groups confer on certain bodies the desired freedom from inducing scorching, 
piperidine derivatives such as dinitrobenzyl pentamethylenedithiocarbamate 
were prepared and examined, but no satisfactory compound was found. A serious 
drawback to the use of such compounds as accelerators was that nitro compounds 
appeared to be invariably associated with poor aging qualities. 

(3) The thiuram disulfides are obtained by the mild oxidation of the corre- 
sponding dithiocarbamates. Piperidyl pentamethylenedithiocarbamate gives rise 
to dipentamethylenethiuram disulfide (P.T.D.), a compound that is representative 
of a very important class of accelerators. The growing importance of the thiuram 
sulfides resides partly in the fact that they are accelerators specially suitable for 
working at low or medium vulcanizing temperatures. It will not be disputed that 
modern practice is proceeding toward lower vulcanization temperatures, with 
consequent improvement in aging and other qualities. The temperature around 
which the thiuram sulfides become active is usually sufficiently high to enable the 
user to handle stocks containing them with confidence. 

Perhaps the most valuable feature of the thiuram disulfides is their capacity 
for vulcanizing rubber in the absence of free sulfur. This appears to be due to the 
presence of an atom of sulfur in the disulfide molecule that is available for vul- 
canization. The stability of vulcanizates made in this way and their resistance to 
heat are very remarkable and important properties. It is almost impossible to 
overcure them, so flat are their vulcanization curves, and their length of life, 
especially at high temperatures, is of an order that cannot be approached by ordi- 
nary compounding methods. In cables and wire insulation where free sulfur may be 
undesirable, and in many cases where phenomenally good aging is required, a 
thiuram disulfide such as dipentamethylenethiuram disulfide is a valuable vul- 
canizing agent. 

Thiuram disulfides are, however, expensive products when used in quantities 
between 2 and 4 per cent on the rubber, and this fact places a severe limitation on 
the number of commercial applications of this type of vulcanization. There is 
also the difficulty that when rubber compounded in this way is in contact with other 
compounds containing free sulfur, migration of sulfur to the thiuram compounds 
takes place, with consequent surface hardening and cracking. 

The next development is dipentamethylenethiuram monosulfide (P.T.M.). 
This is obtained by removing one atom of sulfur from the disulfide by treatment 
with sodium cyanide. Unlike dipentamethylenethiuram disulfide it does not 
possess the power of vulcanizing rubber in the absence of sulfur, but it has a degree 
of safety which is considerably more marked than that of the disulfide. 

It should be noted at this stage that the safety factor possessed by dipenta- 
methylenethiuram monosulfide is of the true delayed-action type. That is to say, 
a considerable time elapses between the raising of the temperature of the rubber 
and the beginning of the cure. When vulcanization once begins, it proceeds very 
rapidly, even at relatively low temperatures. Accelerators like lead and cadmium 
pentamethylenedithiocarbamates or benzothiazyl disulfide behave somewhat 
differently. With these accelerators the safety is due to a comparatively high 
critical temperature. Vulcanization proceeds from the moment of applying the 
heat, but except at relatively high temperatures the rate of cure is too slow to cause 
premature setting. Thus dipentamethylenethiuram monosulfide exhibits a time 
lag, whereas lead and cadmium pentamethylenedithiocarbamates and benzo- 
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thiazyl disulfide exhibit a temperature lag. The choice of types will depend on the 
class of work contemplated; for molded articles where it is desirable that the 
rubber should for a considerable time remain plastic and in a condition to flow 
smoothly in the mold, the time lag type of accelerator is to be preferred. 

It is possible to produce stable compounds such as dipentamethylenethiuram 
tetrasulfide in which there is more sulfur available for vulcanization than in the 
case of dipentamethylenethiuram disulfide. It was thought that such a substance 
might show some advantage over the disulfide for vulcanizing in the absence of 
free sulfur. A comparison of the curing curves obtained with the tetrasulfide in the 
absence of sulfur on the one hand and the corresponding amount of dipentamethyl- 
enethiuram disulfide and sulfur on the other, shows that the curves follow one 
another very closely except in the initial stages (Fig. 2). At the beginning of the 
cure the thiuram disulfide-sulfur mixture exhibits a pronounced time lag in com- 
parison with the tetrasulfide. 

A similar relation is observed in a comparison of a mixing vulcanized with di- 
pentamethylenethiuram disulfide without sulfur and the same mixing containing 
the corresponding amounts of the monosulfide and free sulfur (Fig. 3). Here 
again the thiuram monosulfide-sulfur curve follows the disulfide curve except at 
the beginning, where it shows a definite lag. 
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Combinations of Accelerators.—One of the most important general developments 
of recent years in the use of accelerators is the practice of combining two or more 
to obtain a variety of results. It is well known, for example, that a combination of 
mercaptobenzothiazole and diphenylguanidine is an extremely active mixture, 
very much more powerful than either component. The use of this particular 
combination is somewhat limited on account of its tendency to induce scorching, 
but by making mixtures of certain derivatives of these accelerators it is possible 
to produce combinations with high critical temperatures that are comparatively 
free from any tendency to cause pre-vulcanization. 

Another application of the so-called “multiple accelerator”’ effect is the addition 
of small quantities of what may be called “secondary activators” to an accelerator 
for the purpose of modifying its properties. The secondary activator may be 
another accelerator or a basic substance which is, in itself, either a non-accelerator 
or a substance having only very slight accelerating properties. For example, 
among the substances that are effective secondary activators of the thiazoles are 
zinc pentamethylenedithiocarbamate, dipentamethylenethiuram mono- and di- 
sulfides and piperidine or one of its salts. An illustration of the use of zinc penta- 
methylenedithiocarbamate in this connection is given in Fig. 4. Here it is shown 
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that the effect of the secondary activator on a mercaptobenzothiazole mixing is 
to increase the tensile strength figures and to advance the rate of cure. This 
capacity of zinc pentamethylenedithiocarbamate to modify the properties of 
mercaptobenzothiazole is general and applies to other dithiocarbamates and to the 
thiuram sulfides. The latter have an advantage over zinc pentamethylenedithio- 
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carbamate in being capable of forming combinations which are no more prone 
than the primary accelerator to cause premature vulcanization. The amount of 
activator required will depend on the results aimed at, but one-tenth of the weight 
of the primary accelerator is sufficient to effect a very considerable change in the 
physical properties of the vulcanizate. 

Certain bases activate certain classes of accelerators very strongly. It was shown 
by Whitby and Cambron [J. Soc. Chem. Ind., 42, 333T (1923)] that as little as 
0.1 per cent of piperidine had a very powerful ‘activating effect on zinc penta- 
methylenedithiocarbamate. In confir- 
mation of this observation of Whitby —_lbs.per. sqin. 
and Cambron, Fig. 5 shows the effect 
of 0.15 per cent of piperidine on the 
tensile strength and rate of cure of a sf Pioeridine 1% 
mixing accelerated with zinc penta- PTD Of 
methylenedithiocarbamate. Piperidine 
has been found to exert a similar acti- 


vating effect on other dithiocarba- Pipsridine 1% 
mates, on thiuram sulfides, and on thia- ; 
zole accelerators. 


: roa ” Minutes at 125°C. 

The practical application of free pi- ss 0 30 740 
peridine as an activator is somewhat Staue ¢ 
limited for two reasons. In the first 
place, the free base is volatile and has a powerful odor, rendering it unpleasant 
to handle in the factory and, secondly, it tends to produce very scorchy combi- 
nations with other accelerators. There are certain piperidine compounds, how- 
ever, which are free from both these objections; piperidine tartrate, for example, 


is non-volatile and considerably less liable to produce pre-vulcanization than the 
free base. 
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A number of other bases exist which are, in themselves, either non-accelerators 
or only very mild accelerators, and which have powerful activating properties. 
Among those that are related to piperidine may be mentioned dipiperidy] and 
methylene dipiperidine. The case of dipiperidyl is somewhat anomalous.; Like 
piperidine it is an effective secondary activator, and like piperidine it readily forms 
a well-defined reaction product with carbon disulfide. The latter is, however, a 
very mild accelerator, and in no way comparable in activity with the corresponding 
piperidine derivative (piperidyl pentamethylenedithiocarbamate). 

Though the accelerating power of piperidine itself is very slight, it is remarkably 
sensitive to the presence of very small amounts of substances which are themselves 
accelerators. Figure 6 shows that 1 per cent of piperidine in a mixing containing 
zine oxide and sulfur does not accelerate vulcanization sufficiently for good cures to 
be obtained. The presence of as little as 0.1 per cent of dipentamethylenethiuram 
disulfide in addition to the piperidine causes the cure to reach its optimum in about 
15 minutes at 125° C. 

The activation of accelerators by secondary activators appears to depend on 
the presence of free sulfur. This may be inferred from the fact that mixings 
vulcanized with a thiuram disulfide in the absence of free sulfur are not activated 
by the inclusion of mercaptobenzothiazole or piperidine. On the contrary, these 
substances cause the cure to be delayed, especially at low temperatures, and 
therefore constitute an effective means of guarding against pre-vulcanization. In 
the same way no activation occurs when selenium is used as the vulcanizing agent. 
No explanation has yet been put forward to cover all the known facts concerning 
the activation of accelerators, but it would appear that the mechanism is in some 
way associated with the presence of free sulfur. 

In concluding this description of a group of ultra-accelerators that have the base 
piperidine as their common origin, it may be said that recent developments have 
been in two main directions. An attempt has been made, first, to produce 
accelerators adaptable to most types of processing; and, second, to provide the 
means of improving and modifying the properties of the vulcanized rubber. 

The author is indebted to Messrs. Robinson Brothers, Ltd., for the samples of 
piperidine derivatives, and for permission to publish the results contained in the 
above paper. 
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The Causes of Discoloration in 
Preserved Latex 


Edgar Rhodes and K. C. Sekar 
Introduction 


In recent years numerous processes have been developed for the application of 
latex to new manufactures. In many of these processes, the production of a 
satisfactory article is very largely dependent upon the color of the preserved latex 
available; preserved latex of which the color at the time of delivery to the user is 
other than a good white presents very serious difficulty in processing, and often 
yields an unsatisfactory product. The number of processes in which a good white 
latex is a matter of vital importance is increasing rapidly, and it is therefore not 
surprising that buyers have very rapidly become more discriminating in their choice 
of sources of supply, and more exacting in their requirements. So much importance 
is now attached to the characteristic of color that those suppliers who have been 
fortunate in establishing a reputation in European and American markets for the 
production of a latex which reaches destination in a good white condition have 
earned for themselves an assured market, while many of those whose products 
were not until recently made the subject of complaint have either lost or are in some 
danger of losing their markets. Estates wishing to enter the latex market have 
been called upon by buyers to ship trial consignments as a preliminary to the making 
of contracts and, in some of these cases, contracts have not been obtained, chiefly 
because the sample consignments of latex were of unsatisfactory color on arrival 
at destination. 

The nature of the buyer’s complaint is that the latex on arrival at destination 
often contains a considerable amount of a blue-gray sludge and that, apart from 
the presence of this undesirable material, the body of the latex retains a gray or 
blue-gray color even after gravitational separation of the sludge. It is very fre- 
quently the case that when complaints are made against color, one or other of 
certain complaints such as low stability, presence of an undue amount of coagulated 
rubber and putrefactive odor are also associated as rider objections. Complaints 
of this nature have occasioned some surprise to producers whose latex is undoubt- 
edly of good color at the time of packing in Malaya, but there is no gainsaying the 
fact that some latices do develop a very undesirable color, even in the comparatively 
short period of storage which is represented by the time taken for transport be- 
tween Malaya and destination. 

It has been shown by De Vries and collaborators!” that, when latex is treated 
with ammonia, a precipitate is produced which contains insoluble phosphates to- 
gether with a certain amount of rubber, that the precipitate is at first slightly yel- 
low, and that on long standing the precipitate tends to darken, when iron and hydro- 
gen sulfide become detectable in it. The presence of iron in the deposit found in 
latex shipped in kerosene tins has also been recorded, but in the published literature 
there appears to be no reference to the discoloration which may take place in the 
body of the latex or to the causes of such discoloration. In view of the importance 
which now attaches to this characteristic, and in view of the fact that, unless users 
can obtain supplies of good white latex, present and future developments in the 
latex industry may be seriously hampered, it was considered desirable to attempt 
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to discover the factors responsible for the development of the defect, and to indi- 
cate if possible suitable measures against it. 


EXPERIMENTAL 


(a) Experiments Made with the Object of Determining the Role, if 
Any, of Latex Enzymes in Discoloration 


Various authors have noted the presence in latex of oxidizing enzymes which 
cause the darkening of a coagulum through the color stages of pink and violet to 
blue-black, and it is a common estate practice to inhibit the action of these enzymes 
by the addition of sodium bisulfite to latex in the preparation of pale crepe. Eaton‘ 
and Morgan® have observed that by the addition of certain common phenolic 
substances to a latex not normally prone to give a discolored coagulum, a dark 
colored rubber is obtained, and De Jong® indicated that the addition of tyrosine 
to certain latices apparently containing the enzyme tyrosinase resulted in a rubber 
of dark color. De Vries’ has noted the fact that during and after the wintering 
period the tendency of latex to give a discolored rubber is more pronounced. 
Certain large buyers of latex have recently expressed the opinion that the tendency 
toward discoloration in the latex from various shipments throughout a year ap- 
pears to be to some extent seasonal. These facts taken together suggested the 
possibility that the tendency of preserved latex, as distinct from rubber itself, to 
discoloration might also be an enzymic phenomenon, and a number of experiments 
were made to test this point. 

(i) Addition of Accessory Substances to Preserved Latex—-Good white latex, 
collected under normal estate conditions but preserved in glass vessels, was treated 


with small amounts of a range of phenolic substances and stored for three weeks 
in order to discover whether the discoloration phenomena could be imitated, and if 
so by what type of accessory substance. The substances employed were hydro- 
quinone, orcinol, resorcinol, quinone, anthraquinone, 6-naphthol, a-naphthol, phloro- 
glucinol, metol, pyrogallol, amydol, tannic acid, and gallic acid. With most of 
these materials a discoloration of the latex was obtained but this was either: 


(a) A surface oxidation in which the shade of color obtained was not the same 
as is observed in a naturally discolored latex, and in which there was a gradient of 
color intensity from the surface of the latex downward, the lower layers being 
lightest in color; in a naturally discolored latex, the surface cream layers are al- 
most always pure white. 

or (6) A uniform color throughout the body of the latex, but of a shade different 
from that observed in a naturally discolored latex. 

It was concluded from these experiments that the simple addition of phenolic 
substances to preserved latex does not reproduce the normal latex discoloration, 
by action as accessory substances to the enzymes normally present. In experi- 
ments described later in this paper, tyrosine was also added to latex as a specific 
accessory body for the enzyme tryosinase, but the color obtained was again of in- 
correct shade. 

(ii) Addition of Enzyme Activators and Inhibitors—Samples of latex collected 
and bulked under normal estate conditions and then preserved in glass vessels were 
obtained from an estate whose latex shipments had been made the subject of com- 
plaint. When taken for experiment, the latex was of good color. Ash analysis 
revealed the presence of an abnormal quantity of iron, but no importance was at 
the time attached to this fact. From this latex a series of tubes was set up for 
observation after the addition of traces of the various substances which follow: 





Substances Unlikely to Assist Enzyme Substances Likely to Assist Enzyme 
Activity and Which Might Retard It Activity when Added in Traces 


Sodium hypochloride Ferric chloride 

Bleaching powder Ferrous sulfate 

Alcohol Hydrogen peroxide 

Sodium bisulfite Sodium peroxide 
Ammonium persulfate 
Calcium chloride 
Manganese chloride 
Potassium cyanide 
Tyrosine 


From these experiments, which were repeated in toto on samples drawn from the 
bulked latex from each of a number of different days’ crops, certain general con- 
clusions became possible during an observation period of three weeks. 

(i) The control latex assumed slight discoloration. 

(ii) The substances added for the purpose of retarding enzyme activity did 
not yield a latex showing observable differences from the control latex. 

(iii) The tubes containing salts of iron invariably showed an increase in dis- 
coloration over control, and the type of discoloration was typical of that encountered 
in commercial latex. 

(iv) Traces of hydrogen peroxide, potassium cyanide, sodium peroxide, and 
ammonium persulfate produced no increase in discoloration, and the tendency was 
rather to reduce it. 

(v) Calcium and manganese chlorides produced no observable effect on color. 
Of these conclusions the third and fourth were by far the most striking, and 
prompted further experiments. 

Working with similar samples drawn from bulked latex from the same source, 
several series of tubes were set up against controls. These were arranged: 


(a) To test the effects of iron salts, hydrogen peroxide, and potassium cyanide 
when applied singly. Hydrogen peroxide and potassium cyanide were added in 
various amounts ranging from traces to amounts at which they would be expected 
to function as enzyme paralyzers rather than as activators. 

(b) To test the combined effects of iron salts and hydrogen peroxide and potas- 
sium cyanide. The peroxide and cyanide were applied at various concentrations 
as under (a). Observations were made over a period of two weeks and it became 
apparent that: 

(i) Iron salts when applied alone produced an increase in discoloration over the 
controls, which themselves showed noticeable discoloration. 

(ii) Hydrogen peroxide and potassium cyanide applied alone showed in no 
case an increase of discoloration; with increase in concentration of added reagent, 
the color was progressively whiter than the control, and at the higher concentra- 
tions the color was a good white. 

(iii) Hydrogen peroxide and potassium cyanide, when applied together with iron 
salts, in no case increased the tendency of the iron salts to produce discoloration, 
but tended to prevent it. At the higher concentrations of peroxide and cyanide, 
the degree of discoloration of the latex was less than was obtained with iron salts 
alone, and was in most cases of the same order as that in the control latex. 

The general indications at this stage were that if the discoloration phenomenon 
were enzymic the action must be fairly specifically activated by iron salts, since 
calcium and manganese salts were ineffective. Hydrogen peroxide, which would 
be expected to assist an enzymic oxidation process and increase discoloration, 
when applied in traces of latex, whether activated with iron or not, actually had 
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the reverse effect. In view of the inconclusiveness of the evidence, further informa- 
tion was sought in an approach from a somewhat different angle. 

In one method of estimation of tyrosinase activity, the dark colored substance 
(melanin) formed, is oxidized by potassium permanganate to a colorless body and 
if the discoloration of latex were due to an enzyme activity allied to that of ty- 
rosinase, then it should be possible to discharge the blue-gray color of an already 
discolored latex by the action of oxidizing agents. Samples of badly discolored 
latex which had been returned by an American buyer, were treated with potassium 
permanganate and the blue-gray color was discharged; at the same time, however, 
brown manganese salts were precipitated. When treated as an alternative with 
1 per cent by volume of hydrogen peroxide (20 volumes), the color was discharged 
immediately to a good white with a slight golden tinge. On standing for 24 hours, 
a brown precipitate settled out leaving a good white supernatant latex (see Plate 
2). Sodium peroxide and ammonium persulfate behaved similarly, though excess 
of the latter reagent tended to cause clotting. These observations, though quite 
indirect, could not be disregarded, since they did not detract from the circumstantial 
evidence for an enyzmic interpretation of the problem. It was obviously desirable 
to obtain if possible evidence which would be more direct, by making comparative 
discoloration experiments on latices of vigorous and less vigorous eznyme activities 
collected and preserved under standardized conditions. 

By the courtesy of the manager of an estate in Selangor, it was possible to obtain 
samples of latex which were ideal for the purpose. In a small area of mixed clones 
on this estate, certain members yield a latex which is of very vigorous oxidizing 
enzyme activity, others a latex of lesser activity, and others a latex of practically 
no activity, as judged by the rapidity with which a coagulum, obtained by alcohol 
coagulation, discolors through the stages of pink and violet to a final black; coagula’ 
from the more active samples begin to discolor within a few minutes of coagulation, 
while those from the least active latex retain a good color even after twenty-four 
hours. It was possible therefore to collect latex of very different enzymic activity 
from trees on the same soil site, and growing within a few yards of each other. 
Latex was collected separately from twelve selected trees, ammoniated in each case 
at the tree, and preserved in closed glass vessels, so that possible adventitious con- 
tamination was reduced to the practicable minimum. The enzymic activity of 
each latex was tested by alcohol coagulation on a small sample, with subsequent 
observation of the rapidity of appearance of discoloration on the coagulum. By 
this means the latices were divided into two widely different groups, one of which 
showed very vigorous enzyme activity and the other of which showed virtually no 
activity. Within two hours of collection, seven series of twelve tubes were set 
up. Each series contained a sample from each of the twelve selected latices. The 
various series covered the following treatments: 


(1) Preserved latex. Control. 

(2) Preserved latex with a trace of added ferric chloride. 

(3) Preserved latex with excess of added tyrosine. 

(4) Preserved latex with traces of added ferric chloride and tyrosine. 

(5) Preserved latex with a trace of added calcium chloride and excess tyrosine. 
(6) Preserved latex with a trace of hydrogen peroxide. 

(7) Preserved latex with excess of hydrogen peroxide. 


The seven series of tubes were set aside for six weeks to give ample time for dis- 
coloration, and at the end of this time the following observations became possible: 


(i) The twelve control tubes covering the simple preserved latex from en- 
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zymically active and inactive trees were all of uniformly good white color; no ob- 
servable discoloration had occurred in any tube. 

(ii) Every tube in both of the series containing added iron showed some dis- 
coloration, and the type of discoloration was typical of that shown by commercial 
latex. 

(iii) In the two series containing excess of free tyrosine, a discoloration was ob- 
served, but this was in no way similar to that found in commercial latex. 

(iv) The two series treated with hydrogen peroxide exhibited uniformly good 
white latices identical with the controls. 

(v) When, in the two series in which a true discoloration had been induced by 
the addition of ferric chloride, marks were given for color intensity in each tube, 
the total number of marks awarded to the members of the active group was greater 
than that awarded to the inactive group. The marks awarded to individual mem- 
bers, could not, however, be correlated with their observed initial enzyme activities, 
since three of the six members of the inactive group were each awarded as many 
marks as the lowest marked member of the active group, and two of the six mem- 
bers of the active group obtained no more marks than the highest marked member 
of the inactive group. The addition of iron salts did not, therefore, in its induction 
of discoloration reproduce the well marked differences which existed between the 
enzymic activity of each member of the active group compared with that of each 
member of the inactive group. 

From this experiment the conclusion seemed inescapable that discoloration is 
not a simple function of enzyme activity; no control tube showed any discoloration, 
and since the controls included members which were already very active and there- 
fore in no need of activation, these latices should clearly have been expected to show 
discoloration. The irregularity of the induction of color by added iron salts pro- 
duced no convincing evidence in favor of an enzymic explanation. 

Before proceeding with further tests on enzymically active and inactive latices, 
experments were made with commercial preserved latex stored in glass and in 
iron vessels, in order to discover whether the effect of iron salts added in solution 
could be reproduced merely by contact with metallic iron. Excessive discoloration 
was repeatedly obtained in latex stored in iron tubes, when compared with controls 
stored in glass. Similarly, by introducing a strip of drum metal into a glass tube 
containing latex, an excessive discoloration over control was usually observed 
after an interval of two to three weeks. Commercial latices from various sources 
showed, however, divergent rates of response to iron, whether added as salts of 
iron or as the metal; some responded rapidly and showed appreciable discoloration 
in less than a week, while others reacted very slowly and showed but slight dis- 
coloration after a month’s storage in contact with iron. No explanation of this 
fact presented itself at the time. 

At this stage a further set of latex samples was obtained from the same twelve 
enzymically active and inactive trees mentioned earlier, and experiments were 
made to test whether or not discoloration was possible in the absence or in presence 
of metallic iron after having destroyed the enzymes by heat. Where heat treat- 
ment was applied, a test tube containing the ammoniated latex was immersed in an 
oil bath heated to a temperature of 180° C., so that the temperature of the latex 
should rise quickly to 85-90° C. The temperature of the latex was maintained in 
this zone for 15 minutes. At intervals a little ammonia was added to guard against 
coagulation. Four complete series of twelve tubes were prepared as follows for 
observation: 


(1) Preserved latex. Control. Unheated. No iron. 
(2) Preserved latex. Control. Heated. No iron. 
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(3) Preserved latex. Unheated, with a strip of drum metal in each tube. 
(4) Preserved latex. Heated and containing a strip of drum metal in each 
tube, the metal having been introduced after cooling the latex. 


Plate 1—The Induction of Discoloration by Iron 








On these four series of tubes the following observations were made: 


(a) The two complete series of control tubes of unheated and heated latex still 
retained a good white color after six weeks’ storage. This confirmed the observa- 
tion made in the previous similar experiment. 

(b) Each member of the two complete series of tubes, heated and unheated 
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but kept in presence of metallic iron, showed serious discoloration. The intensity 
of color in the series of unheated tubes could not be correlated with enzymic 
activity. 

(c) Of the two series of tubes containing iron, each member of the heated series 
discolored much more rapidly than the corresponding unheated tube. 


Plate 1 shows six pairs of tubes from this experiment which are typical of the 
differences exhibited by unheated control tubes after six weeks’ storage, and the cor- 
responding tubes of unheated latex containing metallic iron. On the extreme left 
of the plate is a tube containing iron; its immediate neighbor is its own control with- 
out iron. Each succeeding pair represents a different latex. The pair on the ex- 
treme left and the pair on the extreme right are from enzymically inactive latices 
and the remaining four pairs are from enzymically active latices. 


The fact that, after a heat treatment sufficient to destroy the enzymes, the rate 
of response to iron was actually increased, disposed finally of the possibility that 
discoloration might be due to enzyme activity. The exploration made, in testing 
this point, had, however, provided clear evidence that one of the causative factors 
is the presence of iron, and that the effect of heat on latex is to increase its rate of 
response to discoloration by iron. A means of restoring a good color to an already 
discolored latex had also been found in the use of hydrogen peroxide and other 
oxidizing agents, and there was strong preliminary evidence that these substances, 
when added to a latex of good color would delay the induction of discoloration by 
iron. Evidence was still required which would indicate the nature of the factor or 
factors complementary to iron, and which, with it, would cause discoloration. 


(b) Experiments with Potassium Cyanide and Hydrogen Peroxide 
as Preventives of Discoloration 


The effect of potassium cyanide in the earlier experiments with good white latex 
had been similar to that of hydrogen peroxide in retarding the onset of discolora- 
tion, and it was now found that, like hydrogen peroxide, it was able to restore a 
good color to an already badly discolored latex (see Plate 2). Its effect was not, 
however, instantaneous as in the case of hydrogen peroxide, but an amount of potas- 
sium cyanide equal to 0.075 per cent of the weight of latex restored a good color in 
a few minutes. Storage experiments with discoloration-susceptible latex in sealed 
kerosene tins indicated that a smaller amount, equal to 0.025 per cent of potassium 
cyanide by weight, was sufficient to suspend the onset of discoloration for three 
weeks, during which period an appreciable color had developed in the control latex; 
in storage periods of two months, however, an appreciable discoloration did develop 
in cyanide-treated latex, but the color was less marked than in the controls. In 
similar storage experiments with 1 per cent by volume of hydrogen peroxide (20 
volumes), similar results were obtained. Storage in presence of 0.075 per cent 
potassium cyanide was effective for approximately five weeks, but appreciable dis- 
coloration had developed in ten weeks; the discoloration was, however, less severe 
than in controls of the same latex. 

In all cases in which discoloration had occurred on storage, either in the absence 
of hydrogen peroxide and potassium cyanide, or after very long storage in their 
presence, a further treatment with either reagent restored a good color. 

In numerous experiments where discoloration had been induced by the addition 
of soluble iron salts or by the introduction of drum metal, the two reagents were 
invariably effective in discharging the color. 
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Plate 2—Restoration of Good Color to a Discolored Latex 


Left to right:—Discolored latex, the effect of hydrogen peroxide, and the effect of 
potassium cyanide. 
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(c) Experiments to Discover the Factor or Factors Complementary 
to Iron 


Samples of the sludge which is always found in naturally discolored latices were 
always found to yield hydrogen sulfide on treatment with mineral acid, and the 
acidification was sufficient to discharge their dark color. Iron was invariably 
present in the sludge, and the indication therefore was that in so far as concerned 
the color of the sludge, as distinct from the discoloration which may be present 
throughout the body of the latex, the dark color present is due to the formation of 
sulfides of iron, and the factor complementary to iron would therefore be sulfur 
bodies. 

It was at first considered somewhat unlikely that the discoloration which occurs 
in the body of the latex, and which persists even through long settling periods, could 
also be attributed to sulfide formation, but experiments were made with fresh latex 
in order to discover whether, under conditions specially favorable to the formation 
of sulfides, discoloration as well as sludge deposition would be encouraged. 

(i) Experiments on Latex Partially Putrefied in Absence of Iron—Very fresh 
latex was obtained at the Institute at 9.30 a. m. and, after ammoniation of a control 
sample, the remainder was placed in a glass vessel and three further samples were 
drawn from it for ammoniation at intervals of approximately two hours in order 
to follow progressively the effects of natural putrefaction; as bacterial putrefaction 
proceeds, hydrogen sulfide is produced, and after ammoniation the readiness of the 
latex to produce sulfides in presence of iron should be increased. As each sample 
was ammoniated, a strip of drum metal was inserted into the tube, and the whole 
series was left for one month for observation. At the end of this time it became 
clear that latex which had been allowed to approach the stage of clotting in the 
absence of iron, before ammoniation and subsequent storage in presence of iron, 
showed appreciable discoloration and appreciable precipitation of dark colored 
solids, while control latex, also stored in presence of iron, but ammoniated while 
very fresh, was yet in good white condition. The observations indicated also that 
the discoloration in the body of the latex and the deposition of the dark colored 
deposit proceeded simultaneously; in no case was a dark colored deposit observed 
beneath a good white supernatant latex; rather was discoloration visible in the body 
of the latex as soon as, or before, appreciable deposition of solids became ap- 
parent. Repetition of the whole experiment confirmed these observations. 

Commercial preserved latex which had been drawn from an estate bulk and 
stored in a glass vessel for a week before being taken for experiment was placed in 
a tube with a strip of drum metal; a further sample of the same latex was partially 
de-ammoniated and set aside in air until putrefaction commenced, when it was re- 
ammoniated and again placed in a tube with a strip of drum metal. The partially 
putrefied re-ammoniated sample discolored most severely. Discoloration of the 
latex and deposition of dark solids proceeded simultaneously. 

Fresh latex was placed in a collodion sac in a vessel of distilled water and allowed 
to remain for seventeen hours, during which time spontaneous coagulation pro- 
ceeded within the sac. The clear unconcentrated dialyzate from this latex, when 
ammoniated and treated with a trace of ferric chloride, gave a distinct blue-black 
color in two hours, but no deposit was obtained. 

The inference was drawn that deposition of dark sludge and discoloration in the 
body of the latex were in some way connected. 

(ii) Experiments on Latex Partially Putrefied in Presence of Iron—lIn the pre- 
vious putrefaction experiments, the latex was not allowed to come into contact with 
iron until the acids, developed during putrefaction, had been neutralized with am- 
monia. It was now sought to test the effect of putrefaction in presence of iron be- 
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fore ammoniation; in these experiments the acids developed, which would consist 
in the main of lactic acid, were therefore allowed to attack the iron before am- 
moniation, so that sulfur bodies and soluble iron would both be available in the 
latex at the moment of ammoniation. ; 

The latex taken for these experiments was chosen, not for its reactivity to iron, 
but for its peculiar resistance; normal preserved latex from this source, when in 
contact with iron for periods up to three months, shows little sign of discoloration 
or sludge deposition. Fresh latex, placed in a shallow dish containing strips of 
drum metal and allowed to putrefy, showed a blue discoloration in thin surface 
films immediately above the metal strips after four hours, that is when putrefaction, 
as judged by odor, was well advanced. Ammoniation at this stage gave an im- 
mediate blue-black discoloration, but deposition of solids was not apparent for 
some hours. The ammonia-treated latex was placed in a tube with a strip of drum 
metal, and in three days developed an extremely bad discoloration and a heavy 
deposition of solids. Hydrogen peroxide and potassium cyanide discharged the 
dark color of the latex and of the deposit. 

In a further experiment with latex from the same source, an attempt was made 
to test progressively the effect of putrefaction in presence of iron, before full am- 
moniation and storage in presence of iron. A control sample of the latex was fully 
ammoniated when fresh from the field, and placed in a tube in presence of drum 
metal. In addition, fresh latex and samples containing 0.05, 0.10, and 0.20 per 
cent ammonia, respectively, were exposed in presence of iron for 20 hours. At the 
end of this period, the fresh latex was badly clotted, putrefactive odors were very 
pronounced, and surface discoloration was visible. After sieving to remove clots 
and lumps, the latex was ammoniated, when a distinct and typical discoloration 
became apparent immediately. The discolored ammoniated latex was placed in a: 
tube with drum metal and set aside for observation. The latex to which 0.05 
per cent of ammonia had been added before exposure had a decided putrefactive 
odor after 20 hours, but severe clotting such as had occurred in the fresh latex was 
absent. Ammoniation, before storage in presence of drum metal, again revealed 
an immediate discoloration which was less pronounced than in the case of the ex- 
posed fresh latex. The latex containing 0.1 per cent ammonia had lost its am- 
moniacal odor’during the exposure period, but putrefactive odors were not pro- 
nounced. On ammoniation a very faint discoloration appeared immediately. 
Where 0.2 per cent ammonia had been added, the exposure period of 20 hours 
produced no putrefactive odor. On full ammoniation, no immediate discoloration 
was apparent. The various tubes, now containing 0.5 per cent ammonia and 
strips of metal, were kept under observation for a week, and at the end of this time 
discoloration and dark solid deposits were apparent in every tube save the control; 
Plate 3 shows the variation in the discoloration. From left to right the tubes 
are: 


1. Fresh latex severely putrefied before final ammoniation. 

2. Latex containing 0.05 per cent ammonia at the time of exposure. Putre- 
faction less severe before final ammoniation. 

3. Latex containing 0.1 per cent ammonia at the time of exposure. Putre- 
faction before final ammoniation less severe than in 2. 

4. Latex containing 0.2 per cent ammonia at the time of exposure. Putre- 
faction before ammoniation less severe than in 3. 

5. Control latex ammoniated immediately and not exposed for putrefaction. 


It is seen from the illustration that, while the control latex retained an exceedingly 
good color, putrefaction in presence of iron initiated very serious discoloration. 














Plate 3—The Effect of Partial Putrefaction in Presence of Iron before Ammoniation 
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The experiment also indicated that, even with a latex which is normally very 
resistant indeed to iron, there are conditions under which discoloration can be pro- 
duced at the very moment of ammoniation. By causing the latex itself to provide 
a sufficiency of soluble iron and of hydrogen sulfide before ammoniation, these 
conditions are realized, and discoloration is then apparent before deposition of 
dark solids commences. The inference was drawn that latex discoloration is prob- 
ably a preliminary to deposition of solids, and that the two manifestations are in 
all probability successive stages of the single process of sulfide formation. 

In further experiments, evidence was obtained that, while the effect of heating a 
freshly preserved latex in presence of iron is generally to increase the rate of dis- 
coloration, the effect of heating a latex which before ammoniation has been sub- 
jected to partial putrefaction in presence of iron is still further to increase the rate 
of discoloration. In these experiments also, discoloration was a preliminary to a 
deposition of solids, and the conviction was thereby strengthened that the appear- 
ance of discoloration in latex merely marks the beginning of a sulfide formation 
in which some but not all the sulfide is later deposited. 

A badly discolored commercial latex was separated from its heavy sludge and 
set up for creaming with gum tragacanth. The serum obtained was of:a deep blue- 
black color; the color was discharged by hydrochloric acid, and the acid solution 
responded to tests for iron. Further, if the discoloration is due essentially to the 
presence of traces of finely dispersed or colloidal iron sulfide, exposure of the blue- 
black serum to air should discharge the discoloration in a few hours, and hydrogen 
peroxide should dispel it instantly. The serum was separated. A portion was 
exposed to air and another portion was treated with hydrogen peroxide. In both 
cases the color was discharged; in the first case overnight and in the second case 
instantly. 

It remained to demonstrate that discoloration and sludge deposition could be 
induced in latex by purely artificial means. 

(iii) Artificial Discoloration of Latex—It is well known that if very dilute solu- 
tions of iron salts are treated with ammonium sulfide or with hydrogen sulfide in 
alkaline solution the iron sulfide formed is not deposited immediately, but yields 
a greenish black suspension, from which iron sulfide settles out only on long stand- 
ing. It is also well known in analytical work that iron salts are exceptionally diffi- 
cult to precipitate in presence of organic matter in general, and sugars and organic 
acids such as lactic and tartaric acid in particular. A latex medium is therefore 
one which should tend to retard the precipitation of iron sulfide. 

In order to imitate the effect of putrefaction in presence of iron prior to ammonia- 
tion, drum metal was exposed to weak solutions of lactic acid, which is the chief 
acid developed in the natural putrefaction of latex. It was found that, if a lactic 
acid solution of strength 0.02 per cent were exposed to iron for two hours, subse- 
quently treated with excess ammonia and a little fresh latex, and then treated with 
a very small amount of hydrogen sulfide, a distinct discoloration developed im- 
mediately; the discoloration was still apparent after an observation period of a 
fortnight, during which some deposition of dark solids occurred. A control 
latex-ammonia—water-hydrogen sulfide mixture showed no discoloration at all. 
With longer exposure of iron to stronger solutions of lactic acid and the passage 
of a large excess of hydrogen sulfide after ammoniation and addition of latex, the 
discoloration was less stable, and more pronounced deposition of solids occurred. 
In all cases, hydrogen peroxide and potassium cyanide discharged the discolora- 
tion as they do in a naturally discolored latex. These experiments imitated very 
closely the results observed when fresh latex is allowed to stand for some hours in 
presence of iron before ammoniation, which then brings about immediate dis- 
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coloration. Taking, however, the case of alatex which, though not allowed to putrefy 
appreciably before ammoniation, yet discolors slowly in the course of two or three 
weeks’ exposure to iron, it was necessary to show that by exposure of iron to weak 
solutions of ammonia sufficient iron could be brought into solution by alkaline, as 
distinct from acid, corrosion to discolor fresh latex in presence of ammonia and 
hydrogen sulfide. Strips of drum metal were exposed to an alkaline solution con- 
taining 0.6 per cent ammonia. The attack upon iron was very much slower than 
in the case of the weak solutions of lactic acid, but after approximately one week, 
the alkaline solution responded to hydrogen sulfide and gave a distinct discolora- 
tion to added latex. This result again simulated the general experience with com- 
mercial latex, in which discoloration usually takes some days to make its appear- 
ance. There was not little doubt that the factors iron and sulfur bodies are to- 
gether responsible for the discoloration of commercial preserved latex. 

That in certain cases the degree of discoloration is limited by the available sulfur 
bodies or iron, is instanced by two observations: 


(a) Some naturally discolored latices, when treated with a little hydrogen 
sulfide, were found to show an immediate increase in discoloration, indicating the 
presence of available soluble iron. 

(6) Eaton, Grantham, and Day® describe the anaerobic coagulation of latex 
in presence of sugars, by which process an unusually large amount of lactic acid 
and an unusually small amount of hydrogen sulfide are produced in comparison 
with a simple spontaneous coagulation. By allowing a sugar-treated latex to 
stand in presence of iron for 4 hours, the amount of iron taken into solution should 
be greater than in the case of a latex containing no added sugar, but the com- 
paratively small amount of hydrogen sulfide produced would be the limiting factor 
in discoloration, and on ammoniation the sugar-treated latex should show less dis- 
coloration than the control latex. If, however, both ammoniated latices were sub- 
sequently treated with hydrogen sulfide, the sugar-treated latex should then show 
the greater discoloration by virtue of the greater available amount of dissolved 
iron. An experiment, made to test the point, gave positive results. 


It has been observed by De Vries! that preserved latex which has been stored for 
some time yields hydrogen sulfide on acidification, whereas this does not occur with 
fresh latex. The observation indicates that one effect of preservation with am- 
monia is the gradual production of soluble sulfides, presumably from the sulfur 
substances of the proteins present. There is therefore very good ground for the 
theory that the discoloration of preserved latex and the formation of dark sludge 
are both due to the formation of iron sulfide within the body of the latex, and the 
experiments described have led to this conclusion. An interpretation such as this 
would account for the final fact that a naturally discolored latex almost invariably 
has an upper layer of cream which is pure white. Allowance must be made for 
the fact of a high rubber content of 60 per cent or over in this zone, with a cor- 
respondingly small proportion of the serum medium in which discoloration occurs. 
It must also be remembered that the surface is the only part of the latex which is 
exposed to air. In the light of the further experimental fact that a discolored 
serum regains a good color when exposed to air by oxidation of the sulfide present, 
the fact of a good white surface cream on an otherwise discolored latex is in no way 
unexpected. 


Discussion 


_ In the foregoing pages it has been shown that discoloration in preserved latex 
is governed by two factors: 
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(a) The presence of soluble iron, and 

(b) The presence of hydrogen sulfide or other soluble iron-reactant sulfides. 

Assuming that at some time between the tapping of the tree and receipt of the 
preserved latex at destination the latex has been in contact with iron for an ap- 
preciable period, then it becomes possible to account in theory for the two major 
observations made by buyers, namely: 

(1) That one or more of the following faults—presence of coagulum, putre- 
factive odor, and low stability—are often associated with an unsatisfactory color 
in latex. 

(2) That at certain seasons of the year, the probability of a shipment reaching 
destination in a discolored condition is greater than at other seasons. 

With regard to the first observation, it is obvious that, if a latex is collected and 
allowed to reach the factory in poor condition, with no precautions against incipient 
putrefaction and coagulation, and if after crude sieving it is bulked and ammoniated, 
not only does it contain traces of dissolved iron and hydrogen sulfide which make 
for discoloration, but it also contains aggregates of globules caused by incipient 
coagulation and these make for poor stability. Where the amount of preservative 
is so inadequate that putrefaction and coagulation occur in the shipment containers, 
then discoloration again follows naturally upon the development of these favorable 
conditions. It is therefore only to be expected that discoloration is in many cases 
accompanied by other undesirable features. 

With regard to the second observation, it is common knowledge that at certain 
seasons of the year, notably after wintering, latex is unusually prone to premature 
coagulation, which in the absence of special precautions presupposes an undue 
tendency toward acid-corrosion of collecting vessels and formation of traces of 
hydrogen sulfide before the latex reaches the stage of ammoniation. The precise 
differences which occur in the composition of the latex are not fully understood, 
but it has been assumed that the content of sugars is somewhat higher than normal 
after wintering, which would in itself imply a somewhat more rapid development of 
lactic acid and a somewhat greater degree of acid corrosion of iron. It is not there- 
fore surprising that latex shipped under present conditions seems to show seasonal 
variation in its degree of discoloration. 

The degree of natural stability in latices from different sources provides also a 
possible part explanation of the fact that latex from some estates is generally re- 
ceived at destination in better condition than that from other estates. It has been 
observed that, with certain preserved latices which are peculiarly resistant to dis- 
coloration, the tendency toward spontaneous coagulation when in the unpreserved 
condition is less than average, and it is therefore to be supposed that the degree of 
acid—corrosion of vessels between tree and factory is also small. It has been con- 
firmed with one such latex, of which trial shipments have reached America in 
excellent condition, that the ash of the fresh latex at the time of arrival at the re- 
ceiving station, contained no qualitatively detectable amount of iron. After am- 
moniation, if discoloration is to take place in transit, the necessary iron must be 
brought into solution purely by alkaline corrosion, which has been shown to be 
much slower than acid corrosion. Similarly, since little or no putrefaction has 
taken place before ammoniation, the slow development of soluble sulfide, which 
appears to take place in preserved latex by the alkaline hydrolysis of protein ma- 
terial, is now the sole source of this essential factor, and is not merely an accessory 
supplying an additional quota to the amount which might in other circumstances 
be present before ammoniation. It is further not beyond the bounds of possibility 
that latex owes its natural stability, at any rate in part, to the resistance of its 
proteins to decomposition, so that a latex of high natural resistance to spontaneous 
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coagulation would be less liable to discoloration in transit than one of low resistance. 
It is very probable that the natural stability factor is important in this connection, 
though it is clear from the putrefaction experiments described, that even a very re- 
sistant latex can be caused to discolor very rapidly if too much time is allowed for 
decomposition in presence of iron before ammoniation. Thus, under present con- 
ditions, an estate of which the latex shipments show a good white color may also 
owe part of its success to the arrangements governing the length of time between 
collection and final ammoniation, or alternatively, to arrangements for very early 
ammoniation in the field. 

It is clear that since every contact of latex with iron, whether the latex be in the 
fresh or in the preserved condition, carries its dangers, the ideal of production would 
preclude contact with iron at every stage between tree and buyer; it would either 
abolish completely every iron vessel whether used for collection, storage, or trans- 
port or, in the alternative, cause every iron vessel to be so treated on its surface 
with wax or with some carefully selected variety of paint-like coating, that direct 
contact of latex with iron was rendered impossible. Though it is true that the 
steel drum commonly used for latex shipment is now shown to be unsatisfactory 
for the purpose, and though the best alternative is bulk shipment from waxed 
storage tanks to waxed steamer tanks, which by reason of their surface protection 
and by reason of the smaller ratio of surface area of container to volume of latex, 
approach very nearly to the ideal, much latex must of necessity yet be shipped in 
the unsatisfactory drum. The wooden barrel presents an obvious advantage over 
metal drums in that it contains no iron, and it is not easy to decide whether the 
reluctance shown up to date by practically all buyers to accept latex so shipped is 
not based more on prejudice than on some firmly grounded reasoning against it; 
containers of stainless steel or other resistant metals must at present be ruled out 
on account of cost. The brand new kerosene tin, by reason of its tinned coating, 
possesses a clear advantage, and, though in certain other respects it is perhaps not 
acceptable to buyers, it yet merits consideration from the point of view of retarda- 
tion of discoloration. The ready assembled steel drum, whether new or second- 
hand, having no interior protective coating, is not only unsatisfactory by reason 
of the absence of such coating, but also by reason of the fact that it is only with ex- 
treme difficulty that the estate can apply a protective coating, and even then the 
coating cannot be guaranteed to be either uniform or continuous. The treat- 
ment when attempted is extremely wasteful of time and material. Since, however, 
no new drums which have been given a satisfactory internal treatment before as- 
sembly are at present on the market, it seems that the present unsatisfactory state 
of affairs must inevitably continue for some time; many shipments of latex must 
yet reach destination in a more discolored condition than would be the case if the 
really satisfactory and at the same time cheap container, which is probably one 
of the greatest immediate needs of the latex industry, had been standardized and 
had become available. 

To the argument that since no satisfactory container is yet available it is useless 
to take precautions at other stages in production, the answer is that it is now shown 
to be more than ever incumbent upon the producer of latex to devote very great 
care indeed to its preparation, since it is now apparent that a great deal of the trouble 
may have become potentially if not visibly present between tree and factory. 
Possible sources of iron contamination in this short stage of the history of the latex 
are numerous, and include the dirty latex cup containing iron-bearing soil, the col- 
lection pail, and/or the larger transport vessel. If semi-clean, bacteria-fouled pails, 
and other primary transport vessels, which act as accelerators of spontaneous co- 
agulation, are used in the absence of ammonia as an anti-coagulant, the resulting 
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slight acid corrosion may, in conjunction with the later effects due to the container 
itself, make the difference between a passable latex and a latex showing serious dis- 
coloration. It therefore behooves the producer, who is admittedly working at a 
disadvantage, to take every possible precaution against unclean vessels, careless 
collection, and incipient coagulation between tree and factory. In the field, for 
a long transport to factory, the advantage of the use of a small quantity of am- 
monia is obvious. Sodium sulfite solution is not to be recommended for the pur- 
pose. Investigation is being made of the most suitable media for coating, collect- 
ing, transporting, bulking, and storage vessels. 

Where estates ship as a single monthly consignment the accumulated crop of a 
whole month, it is at present the exception rather than the rule to find a storage 
tank sufficiently large to hold the whole bulk; it is usual to find tank space sufficient 
for only one day’s crop. The effect of such a paucity of tank space is that the latex 
must be filled into the transport drums daily, and the latex in some drums is there- 
fore in contact with iron for almost a whole month before shipment, while other 
drums of the same consignment contain freshly packed latex. Buyers often re- 
port that in a single monthly consignment, great variation of color occurs between 
drum and drum. In the light of the present experiments the explanation is obvious, 
and with it the need for large estate storage tanks which can be adequately coated 
internally with wax or other suitable medium; storage of the accumulating con- 
signment can by this means be achieved without undue contact with iron, and 
monthly shipments can be expected to show not only uniformity in color but also 
an improved color. The large storage tank lends itself also to the removal of some 
undesirable material from the latex before shipment. 

The experiments, in their indication that part at any rate of the phenomenon is 
colloidal, would lead at once to the conclusion that the attempt to re-condition an’ 
already badly discolored latex by centrifugal clarification would be only partially 
successful, in that only the coarser precipitable sulfide would be removed. Ex- 
periments made at the Institute had already given indications that such was the 
case and in a private communication from a large American buyer, extensive ex- 
periments are described which supply full confirmation that centrifugal treatment 
is in fact only partially successful. It would be fallacious to argue, however, that 
a centrifugal clarification of freshly preserved undiscolored latex aimed at the re- 
moval of dirt, rust flakes from containers, and other impurities, is not a desirable 
estate measure. 

Until such time as the ideal container becomes available, it will clearly be im- 
possible for the estate to guarantee that a latex, having a good color at the time of 
shipment, will also be of good color on arrival at destination, and in the drafting 
of latex contracts specifying a type of container and at the same time a latex of 
good color, considerable caution is therefore advisable. 

Estates are warned that the use of hydrogen peroxide and potassium cyanide 
must not be adopted, except at the direct and specific request of the buyer. 


Summary 


Discoloration in preserved latex is attributed to contamination with iron and to 
the presence of hydrogen sulfide or soluble iron-reactant sulfides. 
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Research on Modified Rubbers 


Part III. Adhesive Latex* 


In the course of an investigation on the oxidation products of dry rubber and of 
latex, the reaction of latex with hydrogen peroxide was studied. One result of 
this work was that a latex possessing distinctive adhesive or sticky qualities was 
prepared, and it is believed that the so modified latex may prove to be of commer- 
cial interest. It is proposed, for the sake of brevity, to refer to this product as 
“sticky” latex. 


(a) Preparation of Sticky Latex 
G. F. Bloomfield and E. H. Farmer 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, SouTH KENSINGTON 


By allowing hydrogen peroxide to react with latex, a series of more or less oxidized 
preparations was obtained, on which a more detailed report may be issued later. 
We may, however, refer to a series of plasticity tests made by M. W. Philpott, as a 
result of which the following figures, which apply to the dry rubber derived from 
the latex, were obtained: 


Description of 
Oxidized Latex Relative 
Control Plasticity 


Control 7.0 
A j 


4.6 
(Note.—The figures are inversely proportional to plasticity, 7. e., the higher the 
figure the less plastic the material.) 


It will be observed that G is the most plastic of the series, and that as oxidation 
proceeds further (H) the plasticity decreases again. 

G, which is the subject of this report, is prepared as follows: sixty per cent 
concentrated latex (by centrifugation) is diluted to a concentration of 45 per cent 
with water and stabilized by the addition of a small quantity of casein dissolved in 
dilute ammonia (at the rate of 1 g. casein per 100 cc. of the original concentrated 
latex). The latex mix is then freed of ammonia as rapidly as possible by drawing 
air through it. The next step is to place 150 cc. of the ammonia-free latex in a large 
vessel (as considerable frothing occurs), together with 12.5 cc. of 20-volume hydro- 
gen peroxide. The liquid is then slowly but efficiently stirred and warmed on a 
steam bath until the frothing subsides. This takes 20-30 minutes. The whole is 
then cooled, and a further 12.5 cc. of the 20-volume peroxide added. Finally the 


* For Parts I and II, see RusBeR CHEM. AND Tecu. 7, No. 2, pages 320-329, April, 1934. 
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mix is heated for 3-4 hours on a steam bath, with constant stirring. If any ten- 
dency to clotting appears, a little dilute ammonia should be added. After cooling, 
the oxidized latex is strained, and a small quantity of ammonia added as a preserva- 
tive. 
(b) Characteristics of and Tests on Sticky Latex 
P. Schidrowitz 


Attention was first drawn to the apparent advantage of “sticky” latex as a result 
of difficulties which arose in connection with the problem of making a good joint 
between leather and a certain type of rubbered fabric. The latter was coated with 
rubber cement, according to the well-known practice, and the leather treated with 
latex. Using “ordinary” 36 per cent latex, 60 per cent concentrated (by centrifuga- 
tion) latex, ditto diluted to 36 per cent, 70 per cent concentrated (by evaporation) 
latex, and ditto diluted to 36 per cent, the results were not as satisfactory as was 
desired. ‘Sticky’ latex was then tried and found to give distinctly better results. 
The process of handling was facilitated and a joint was obtained which could not 
be broken without tearing the fabric, and which, moreover, resisted the action of 
fresh and sea-water acting over a period of several days. When using a self-curing 
rubber cement on the fabric, it was found that whereas the joints made with the 
standard varieties of latex mentioned tended to open up (unless constant pressure 
was applied prior to the completion of the vulcanization stage), this undesirable 
effect did not take place when “sticky” latex was employed. The readiness with 
which surfaces treated with “sticky” latex adhere to one another, and the fact that 
prolonged pressure is not necessary to obtain good results, should be of considerable 
practical importance in certain classes of work. Another advantage is that if a 
piece of material has been applied in a wrong position, making an adjustment 
necessary, the broken joint may readily be remade when “‘sticky”’ latex has been 
used. The other fabrics tried do not possess this property to the same degree, 
and if a joint made with these is pulled apart, the surfaces do not readily adhere 
again. 

Having regard to these purely practical observations, it was thought desirable to 
attempt to obtain some quantitative data as to the relative adhesion of joints made 
with various materials, viz., “sticky” and “ordinary”’ latices, respectively. With 
this end in view, some “shear” tests, 2. e., applying a separating force algng the line 
of the joint; and “stripping” tests, 7. e., at right angles to the joint, were carried 
out. For the shear tests, the Schopper machine was found suitable; for the 
stripping tests a light spring balance was used. The results obtained were also 
roughly confirmed by hand-tests, the results of which, although not directly com- 
parable with the quantitative data, afforded good evidence as regards ease of 
manipulation and “stickiness” in the popular sense of the word. The test pieces 
used were strips of the various materials (see table) one inch wide, overlapping one- 
inch. 

The latices used in the tests (of which results are in the table) were (1) sticky 
latex, (2) normal ammonia-preserved latex, (3) 60 per cent latex (concentrated by 
centrifugation), and (4) 70 per cent evaporated, stabilized latex. In each case the 
D.R.C. was adjusted to 36 per cent before use. Whenever a rubber surface was 
used, this was first treated with a rubber cement, and the latter allowed to become 
tacky before making the joint. 


Observations on Table 


A somewhat striking feature of the figures in the accompanying table is the reg- 
ularity of the results—comparing the figures within each group with one another 





the 
joir 


n- 


g; 
a- 


_ —-. Ww F&F - iF ge a 
re Dau) Saas 


~~ rr OO cote =m OD OD DO IW 


ww 











453 


—obtained with the “‘sticky’’ latex specimens. This feature is emphasized when 
the results with “sticky” latex are compared with the results obtained with the 
joints made with the other materials. 

Discussing the shear tests, it will be observed that with “sticky” latex the base 
material broke in every case, excepting in the leather to rubber group, where the 
joint broke in each test. Comparing the other adhesives, it will be observed that 
whereas a break of the base material occurred in 20 cases out of a total of 24 with 
the “sticky” latex, this feature was observed in only 11 cases with “normal” latex 
and in 3 cases with centrifuged latex. 

It is of particular interest to compare the results obtained with “sticky” latex 
and centrifuged latex, respectively, inasmuch as the “sticky” latex was prepared 
from centrifuged latex. There is not only the greater regularity in the case of the 
“sticky” latex, but in most cases the breaking load figures are distinctly higher in 
the case of the “sticky” latex. In one group (leather to leather) this feature is 
very marked. If we compare the “sticky”’ latex with the “normal,” it will again be 
observed that there is greater regularity in the case of the ‘‘sticky”’ latex figures, 
and that on the whole the tensile figures are distinctly higher. 

Coming to the stripping tests, the differences observed are not so marked, but 
here again the regularity of the “sticky” latex figure is noticeable, and in some cases 
(e. g., leather to unrubbered canvas), the figures for “sticky” latex are distinctly 
higher. Per contra, in other cases (e. g., leather to leather) the figures for ‘‘normal”’ 
latex and centrifuged latex are higher. This appears to be accounted for by the 
fact that the strength of the actual rubber film is obviously greater in the ‘‘normal”’ 
latex and centrifuged latex, and that under conditions requiring the actual break of 
the rubber film, these latter give better results. From a practical point of view, I 
am inclined to think that this is of little moment for most classes of work, where ease 
of manipulation and actual stickiness and the other features referred to above, are 
of major importance. 

I wish to thank J. W. Malden for kindly carrying out many of the tests detailed 
above. 








[Reprinted from the Journal of the Society of Chemical Industry, Vol. 53, No. 17, pages 121-125T 
April 27, 1934.] 


Research on Modified Rubbers 


Part IV. The Oxidation of Rubber with Aqueous Hy- 
drogen Peroxide-Acetic Acid Mixtures 


G. F. Bloomfield and E. H. Farmer 


Mair and Todd (J. Chem. Soc., 1932, 386), in extending the earlier work of Robert- 
son and Mair (J. Soc. Chem. Ind., 46, 41T (1927)), studied the interaction of a 
chloroform solution of purified rubber with concentrated hydrogen peroxide (100 
vols.) dissolved in glacial acetic acid; by this means they obtained a non-acidic sub- 
stance of the empirical formula CyH»20;., which was unsaturated toward bromine 
and permanganate, and was considered to have all its oxygen present in the form 
of hydroxyl groups. Other workers have reported that when peracetic acid dis- 
solved in glacial acetic acid is used in place of the hydrogen peroxide—acetic acid 
mixture, the products of reaction are acetylated derivatives of rubber (British 
Patent 369,716). These acetylated derivatives are stated to be obtainable either 
from solid rubber or from solutions of rubber, but no evidence as to their constitu- 
tion has been advanced. , 

Now the oxidative degradation of rubber is of considerable interest from two 
points of view: first, with regard to the light which it may throw on the size, 
structure, homogeneity, and normality of chemical behavior of the molecules of . 
rubber; and, second, with regard to its efficacy as a means of transforming rubber 
into derivatives of similar or smaller molecular weight, capable of useful application 
in industry. The very careful work of Mair and Todd has gone far to show that 
hydrogen peroxide under the conditions of their experiments attacks the unsatu- 
rated centers of the rubber molecule and effects more or less complete hydroxylation 
of the carbon chain; at the same time it brings about a considerable degree of deg- 
radation of the molecule. The product of Mair and Todd, however, is produced 
under rather restricted conditions of reaction and the reagents employed are costly; 
consequently the extent to which the character of the product can be modified (7. e., 
by controlling the degree of degradation, hydroxylation, and acetylation) is left 
undetermined, and the possibility of producing useful materials at a reasonably low 
cost by modifying the conditions of reaction and the form of reactants is left un- 
explored. On the other hand, the employment of peracetic acid as an oxidizing 
agent, though offering a theoretically elegant way of effecting hydroxylation or 
acetoxylation at the unsaturated centers of the rubber molecule, is not without 
drawbacks: the preparation of the reagent is expensive and on a large scale danger- 
ous; moreover, in spite of the fact that it is claimed to be employable either with 
solutions of rubber or with solid rubber, its reaction with rubber is so vigorous that 
the prospect of exercising any effective control over the extent of degradation or 
degree of hydroxylation (acetoxylation) is greatly diminished. 

The present work was initiated with a view of examining further the practical 
applicability of the oxidative action underlying Mair and Todd’s procedure, and 
especially of determining (1) the conditions of its applicability to solid rubbers and . 
(2) its capacity for yielding products of different character by changes in the manner 
of its application. At the outset it appeared likely that the effective reagent in Mair 
and Todd’s process was not hydrogen peroxide but peracetic acid, since the mode 
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of reaction resembled that of peracids and was scarcely characteristic of hydrogen 
peroxide per se. This appeared to be the more likely in that D’Ans and Frey 
(Z. anorg. Chem., 84, 145 (1914)) have shown that the interaction of glacial acetic 
acid and concentrated hydrogen peroxide to form peracetic acid results in the at- 
tainment of equilibrium between reactants and products: CH;CO.H + H.0, = 
CH;CO,0OH + H,0O, and moreover this tendency toward equilibrium is not de- 
stroyed by some measure of dilution with water. 

In pursuing the investigation, it was found that the use of specially purified 
rubber was unnecessary in view of the fact that commercial crepe rubber yields 
nitrogen-free products. Since the mixture of reagents acts as a solvent for the 
oxidation products, reaction takes place progressively at the surface of the rubber; 
consequently for rapid reaction a fine state of subdivision of the latter is advan- 
tageous. Shredded thin crepe rubber or unvulcanized crumb rubber proved emi- 
nently suitable. 

The proportions of reagents used at the outset were those specified by Mair and 
Todd, these workers having found that with other proportions the oxidation prod- 
ucts varied a good deal in composition. When left immersed in the oxidizing mix- 
ture at room temperature the rubber was only incompletely attacked, but at 
35-40° dissolution became complete in a few days. The addition of catalysts ex- 
pedited the process, but decreased the yield considerably. Evolution of a little 
carbon dioxide was observed to occur during the oxidation. 

The oxidation product was an amorphous readily soluble solid resembling in 
physical properties the material described by Mair and Todd, but important 
differences from the latter have been found in its chemical properties. The product 
here obtained was a partly acetylated hydroxy-acid, fully saturated toward 
bromine and permanganate, and of fairly high molecular weight. An accurate 
estimate of its equivalent was not obtainable by titration; the end point was in- 
determinate, thus affording some indication of the presence of lactonic linkings. 
The product, even if accounted monobasic, would appear to possess a molecular 
weight exceeding 1000; but since there was no evidence to show that it was not di- 
basic or even polybasic, the molecular weight could be said with certainty to ex- 
ceed this figure. In this connection it will be recalled that Mair and Todd assigned 
to their material a molecular weight of 600-1000 on the basis of observations by the 
Rast method. The material was found to suffer slight autoxidation in the air, 
but no special attempt was made to prevent this action, since the net increase in 
weight amounted to only a trifle over 1 per cent; a little peroxidic oxygen (less 
than 2 per cent of the total oxygen) was subsequently found in the product, the 
material possessing active oxidizing properties. 

The degree of acetylation of the hydroxyl groups was determined by saponifica- 
tion with alcoholic potassium hydroxide, the saponification products being acetic 
acid and a saturated hydroxy-acid. Saponification was found to increase the 
acidity, to free the material from the combined peroxidic oxygen, and to lower the 
total oxygen content. 

The oxidation product was found to be capable of further acetylation (in virtue 
of its free hydroxyl groups) to yield a somewhat less readily soluble material; a 
similar substance could be obtained by re-acetylating the hydroxy-acid obtained by 
saponification. It was not found possible to introduce any appreciable amount 
of halogen into the material by means of alcoholic hydrogen chloride. 

Hydroxyl groups were determined by the method of Zerevitinov (Ber., 35, 3912 
(1902); 40, 2023 (1907)), but the method was not found to be very satisfactory, 
results tending to be too high. The total oxygen content, however, calculated 
from the sum of oxygen present in the form of carboxyl, peroxide, acetoxyl, and 
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hydroxyl groups, was in close agreement with that found by combustion. It was 
highly improbable, therefore, that the oxidation product contained any ethylene 
oxide rings such as are reported to be formed when perbenzoic acid acts on rubber 
(Pummerer and Burkard, Ber., 55, 3458 (1922)); this conclusion is in agreement 
with the general behavior of peracetic acid toward ethylenic substances. 

Increase in the proportion of hydrogen peroxide above that found to be sufficient 
for the dissolution expedited the oxidation considerably, but when the reaction was 
carried out with a deficiency of this reagent, only a part of the rubber dissolved; in 
neither case, however, were the oxidation products substantially different from the 
one described above. The addition of quite small amounts of sulfuric acid to the 
reaction mixture increased considerably the proportion of acetylated hydroxyl 
groups. 

It was not found essential to employ anhydrous reagents; in fact a very consider- 
able quantity of water could be added to the reactants, always provided that suf- 
ficient acetic acid was present for the product to dissolve completely in the acetic 
acid—water mixture. Unless the latter condition was fulfilled, insoluble hetero- 
geneous materials (partly attacked rubber) were obtained. The effeet of added 
water was to increase the proportion of hydroxyl groups at the expense of acetoxy] 
groups, but it was not found possible to add sufficient water to give a hydroxylated 
material entirely free from acetylated groups. The percentage of peroxidic oxygen 
present and the degree of acidity were both reduced by the presence during oxida- 
tion of added water, but there was every indication that the products prepared in 
the presence of water were substantially the same as those prepared with anhydrous 
reagents, differing therefrom only in the degree of acetylation. Saponification of 
these products yielded hydroxy-acids indistinguishable in properties and analysis 
from those previously obtained. It is worthy of note that a hydroxy-acid in- 
distinguishable from the foregoing was also obtained when the acetic acid of the 
reaction mixture was replaced by formic acid. 

The results described above left little doubt that the actual oxidizing agent was 
peracetic acid, formed in the mixture in accordance with the equilibrium suggested 
by D’Ans and Frey. The oxidation, however, did not involve a simple attachment 
of the elements of peracetic acid to the double linkings: 


...CHe-‘CMe:CH-CHpe... > 
...CH»-CMe(OAc)-CH(OH):-CHe..., 


since the oxygen contents of the products described above (24-27%) were in no 
case sufficiently high, as is shown by the fact that C;Hs(OH)2 requires 31.4% oxy- 
gen, CsHs(OAc)2 requires 34.4%, and C;Hs(OH)-OAc requires 33.3% of oxygen. 


EXPERIMENTAL 
Oxidation with Peracetic Acid 


A solution of peracetic acid in glacial acetic acid, free from water and diacetyl 
peroxide, was prepared by the method of Smits (Rec. trav. chim., 49, 691 (1930)). 

Four grams of shredded, thin, pale, latex crepe were oxidized in the manner specified 
in British Patent 369,716. The product (4 grams), hereafter designated A, was a 
pale yellow, thermoplastic powder, readily soluble in alcohol, acetone, ether, chloro- 
form, westrosol, tetrachloroethane, and allied solvents, also in benzene hydro- 
carbons, pyridine, acetic acid, cyclohexanone, methylcyclohexanone, cyclohexyl 
acetate, and diacetone alcohol; it was insoluble in petroleum, carbon tetrachloride, 
and decalin. The acetone solution of this substance was saturated toward per- 
manganate, and the chloroform solution was saturated toward bromine. 
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Oxidation with Mixtures of Hydrogen Peroxide and Acetic Acid 


(1) Influence of Temperature, Proportion of Peroxide, and the Variety of Rubber 
Employed.—Crepe rubber (10 g.) was immersed in a mixture of glacial acetic acid 
(100 ce.) and 100-volume hydrogen peroxide (22 cc.). At room temperature the 
rubber was only partly attacked, yielding a tough, insoluble, heterogeneous mate- 
rial, but at 35-40° the rubber dissolved completely in 3 days, forming a clear solu- 
tion of low viscosity. A little carbon dioxide was evolved during the oxidation, 
as could be demonstrated by aspirating the gases from the air-space above the 
oxidizing mixture through lime- or baryta-water. The solution was filtered and 
poured into 10 volumes of water; then a little sodium acetate (1 g. in several ce. of 
water) was added in order to facilitate flocculation of the precipitated material. 
Filtration yielded a fine white powder (12 g.), hereafter designated B, which was 
free from nitrogen and soluble in the same solvents as A with the exception of ether. 
The solutions of B were slightly cloudy and more viscous than solutions of A. At 
temperatures above 40° the yield of B diminished considerably; consequently in 
all subsequent oxidations, temperatures between 35° and 40° were employed. 

By employment of other varieties of rubber (e. g., masticated rubber, softened 
rubber, and unvulcanized crumb rubber) products indistinguishable from B were 
obtained; it is noteworthy that the use of crumb rubber reduced the time required 
for the complete dissolution to 2 days. Since, however, these varieties were con- 
siderably less pure than clean crepe rubber, only the latter material was employed 
in the experiments hereafter described. 

Variation in the proportion of hydrogen peroxide employed did not appear to 
affect materially the nature of the oxidation product, but with a low proportion of 
peroxide some of the rubber remained unattacked. Thus when crepe rubber (10 g.) 
was mixed with glacial acetic acid (100 cc.) and treated with (a) 44 ce. and (6) 11 ce. 
of hydrogen peroxide, it was found that dissolution was complete in 40 hours in the 
first case, yielding 11.5 g. of oxidation product (designated C), and that all the 
hydrogen peroxide disappeared in 4 days in the second case, yielding 7.5 g. of oxida- 
tion product and 5 g. of unchanged (undissolved) rubber. 

(2) Influence of Added Water on the Course of Oxidation.—To test the influence 
of added water three preliminary oxidations of crepe rubber (10-g. portions) were 
carried out, employing in each case 100 ce. of glacial acetic acid and 22 ce. of 100- 
vol. hydrogen peroxide, and adding in the respective cases 5 cc., 10 cc., and 20 ce. of 
water. Complete dissolution of the rubber occurred in 3, 3.5, and 4 days, respec- 
tively, and the products were white soluble powders closely resembling B; these 
each weighed 12 g., and are designated hereafter D, E, and F, respectively. 

In view of the success of these experiments, the effect of employing aqueous acetic 
acid and dilute hydrogen peroxide was next tested: 

(a) The rubber (10 g.) was mixed with 300 cc. of glacial acetic acid and oxi- 
dized with 120 cc. of 20-vol. hydrogen peroxide. Time for complete dissolution, 
6 days. Yield, 11 g. (material G). 

(b) The rubber (10 g.) was mixed with 380 cc. of 80% acetic acid and oxidized 
with 120 ce. of 20-vol. hydrogen peroxide. Time for complete dissolution, 7 days. 
Yield, 11 g. (material H). 

Both of these products were white soluble powders resembling closely B, D, E, 
and F, 

(3) Oxidation with a Reduced Amount of Acetic Acid—lIn each of the following 
experiments crepe rubber (10 g.) was treated with 20-vol. hydrogen peroxide (120 
ce.) at 40° for a week in the presence of the stated amount of acetic acid: 

(a) 320 cc. of 80% acid. The course of the reaction resembled that in experi- 
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ment 2 (b) above, but a little gelatinous matter remained undissolved. The oxida- 
tion product (designated J) was soluble, and resembled B and H (above). 

(b) 300 cc. of 80% acid. A rather larger amount of gelatinous material re- 
mained undissolved, but the soluble product (designated K) was indistinguishable 
from J. 

(c) 250 cc. of 80% acid. About one-half of the rubber dissolved; the remainder 
formed a gelatinous suspension. 

(d) 200 ce. of 80% acid. Only 2 g. of rubber dissolved; the insoluble, gelati- 
nous material which remained in suspension yielded on drying an insoluble, white, 
thermoplastic powder (designated L). 

(e) 160 cc. of 80% acid. None of the rubber dissolved; the gelatinous suspen- 
sion (designated M) yielded on treatment with water a coarse, insoluble powder 
resembling L (above). 

The use of a smaller proportion of acetic acid in this series df experiments, or the use 
of larger proportions of water in the previous series (Section 2), resulted in oxida- 
tion being restricted to the surface of the immersed rubber. 


Influence of Catalysts on the Oxidation 


Ferrous and ferric salts had no influence on the speed of reaction, nor did they 
appear to influence the character of final products. Small amounts of sulfuric 
acid, however, accelerated the process considerably, the optimum quantity being 
about 0.4% by volume. Thus, when crepe rubber (10 g.), 80% acetic acid (380 cc.), 
and 20-vol. hydrogen peroxide (120 cc.) interacted in the presence of concentrated 
sulfuric acid (2 cc.) for 24 hours, a white, soluble powder (material NV) was formed, 


but in poor yield (5.5 g.); in the presence of 25 cc. of concentrated sulfuric acid a 
still smaller yield of product (designated O) was obtained (4.5 g.). 

A smaller proportion of acetic acid could be used in the presence of sulfuric acid. 
For example, when to the mixture of crepe rubber (10 g.), 80% acetic acid (160 cc.), 
and 20-vol. peroxide (120 cc.) which previously gave material M, 16 cc. of sulfuric 
acid were added, the rubber dissolved completely, yielding a soluble, white, gritty 
powder (material P). Yield, 5 grams. 


Influence of Temperature 


Increase of temperature reduced the yield of oxidation product, leaving some of 
the rubber partially attacked. Thus when crepe rubber (10 g.) and glacial acetic 
acid (100 cc.) reacted with 100-vol. hydrogen peroxide (22 cc.) at 80° for 24 hours, 
6.4 g. of a soluble, white powder were obtained; in the presence of sulfuric acid (0.2 
cc.), 5.0 g. of a soluble, yellowish powder were obtained. When 80% acetic acid 
(380 cc.) and 20-vol. hydrogen peroxide (120 cc.) were employed at the same tem- 
perature the respective yields in the absence of sulfuric acid were 4.4 g. and 3.4 g. 


Replacement of Acetic Acid by Formic Acid 


Formic acid is attacked by 100-vol. hydrogen peroxide at 40°, but when 20-vol. 
peroxide was allowed to interact with rubber in a formic acid medium an oxidation 
product was obtained in poor yield. Under these conditions a considerable propor- 
tion of the rubber remained unattacked, probably owing to interaction between the 
acid and peroxide. 

When crepe rubber (10 g.) interacted with formic acid (400 cc.) and 20-vol. 
hydrogen peroxide (130 cc.) for 24 hours at 40°, 6 g. of a white, soluble, thermoplastic 
powder (material Q) were obtained. This product closely resembled the materials 
obtained by oxidation of rubber in the presence of acetic acid. 
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Chemical Properties of the Oxidation Products 


1. Composition—Analytical figures are given for the oxidation products A, B, 
C, and G: 


A. Found: C 65.01, H 8.63, O 26.36% 
B. Found: C 64.34, H 9.03, O 26.63 
C. Found: C 64.10, H 9.15, O 26.75 
G. Found: C 64.89, H 9.38, O 25.73 


The presence of water is seen to lower the oxygen content slightly, but the products 
do not differ very greatly in composition. 

II. Saponification—The materials A and B (2 g. of each) were separately 
hydrolyzed by dissolving them in rectified spirit (20 cc.) and refluxing with 0.5 NV 
alcoholic potash (50 cc.) for 5 hours. Most of the alcohol was removed under re- 
duced pressure, and the residues were poured into water; in each case a clear solu- 
tion was obtained, which yielded on evaporation a gummy product readily soluble 
in dilute, aqueous alkali. On acidifying these products, flocculent precipitates were 
obtained which would not redissolve in alkali; filtration of the precipitates yielded 
in each case a yellowish powder (1.3 g.) which, though feebly acidic toward baryta, 
would not dissolve in alkali. Thorough ether extraction of the mother-liquors 
yielded in each case approximately 0.5 g. of acetic acid, showing the original material 
to be acetylated. 

The two saponification products were very similar; both were thermoplastic 
and readily soluble in the same solvents in which A and B dissolved, but the solu- 
bility in benzene was low. In acetone solution both products slowly reduced per- 
manganate (probably on account of the oxidizability of the hydroxyl groups pres- 
ent), but the reaction did not proceed far. Both products were saturated toward 
bromine in chloroform solution. 

III. Awutoxidation and Oxidizing Properties—Samples of the oxidation products 
were found to increase in weight in a dry atmosphere; thus 0.1185 g. of a typical 
product increased to 0.1201 g. in the course of 3 days, the increment representing a 
1.3% increase. (No attempt was made to exclude air during the oxidation proc- 
esses.) Both old and freshly prepared material liberated iodine from potassium 
iodide and gave an intense red color with a mixture of ammonium thiocyanate and 
ferrous ammonium sulfate (cf. Kharasch and Mayo, J. Am. Chem. Soc., 55, 2468 
(1933)). 

1.140 g. of material B dissolved in alcohol liberated from aqueous acidified potas- 
sium iodide an amount of iodine equivalent to 20.92 cc. of 0.01 N thiosulfate, whence 
the proportion of peroxidic oxygen calculated as O: is 0.59%; 0.4966 g. of material 
G required 4.99 cc. of 0.01 N thiosulfate, whence O. = 0.32%. 

IV. Acidity—aAll of the oxidation products were feebly acidic, and could be 
titrated in aqueous alcohol with baryta or potash, but the end points were not sharp. 
By titrating in the presence of phenolphthalein indicator and taking the end point 
as that point at which a drop of alkali first produced a pink coloration not im- 
mediately discharged on keeping, an estimate of acidity was made. The saponified 
material prepared in Section II behaved on titration like the original oxidation 
products, thus eliminating the possibility that the indefinite end points were due to 
the hydrolysis of acetylated groups. Possibly the acidic groups were wholly or 
partly of lactonic character. For the analytical figures relating to acidity see the 
following section. 

V. Determination of Acetoxy Groups—A weighed amount of oxidation product 
(2 g.) was dissolved in alcohol (20 cc.) and neutralized with standardized 0.1 N 
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alcoholic potash (the equivalent was calculated at this stage). Then approximately 
0.5 N alcoholic potash (50 cc.) was added and the liquid refluxed for six hours. At 
the end of this period the absence of a precipitate on pouring into water showed 
that hydrolysis was complete. At the same time a blank determination [in which 
0.5 N potash (50 ce.) was refluxed with alcohol (20 cc.)] was carried out. Deter- 
mination of the difference in titer between the two solutions against standard sul- 
furic acid (0.494 N) enabled the acetoxyl content to be calculated. The hydroxy- 
acid produced in the hydrolysis was precipitated during titration; this was filtered 
off, redissolved in alcohol, filtered free from silica, and reprecipitated in a pure condi- 
tion by pouring into water. The following results were obtained: 


Oxidation Product B—Equivalent = M (monobasic) = 8930, or CO.H = 0.503%, 
and OAc = 11.46%. 

Material D—M (monobasic) = 6002, or CO.H = 0.749%, and OAc = 11.7% 

Material G—M (monobasic) = 10,180, or CO.H = 0.442%, and OAc = 6.21% 

Material Q.—M (monobasic) = 8510, or CO.H = 0.529%. and O-CO-H = 
13.35% 

For the hydroxy-acids derived from these four materials the following composi- 
tions were found: 

Material B: C 66.2, H 9.54%; equivalent = 1635 

Material G: C 66.4, H 9.51%; equivalent = 1890 

Material Q: C 66.3, H 9.51%; equivalent = 1720 
Since the three acids were indistinguishable in properties, there is no reason to doubt 
their identity. 

VI. Determination of Hydroxyl Groups—For this determination two typical 
oxidized rubbers (B and G) and a deacetylated oxidation product were examined by: 
the Zerevitinov method. Owing to the insolubility of these materials in amy] ether, 
acetylene tetrachloride (dried and redistilled) was used as solvent instead of pyri- 
dine, which was not found to be satisfactory. A high degree of accuracy was not 
obtainable, since there was a continuous slow evolution of gas after the first brisk 
reaction had subsided; if, however, only the gas evolved in the first brisk evolution 
was measured, fairly consistent results were obtained [found: for material B: 
OH = 19.7%; for materialG: OH = 24.3%; for the deacetylated hydroxy-acid 
(obtained by hydrolysis): OH = 24.6%]. 

The hydroxyl content of the insoluble modified rubbers L and M was not deter- 
mined owing to their non-homogeneity. 

Variation in Hydroxyl and Acetoxyl Content.—It is evident from the analytical 
figures quoted above that addition of water to the oxidizing mixture decreased the 
acetoxyl and increased the hydroxyl content. Addition of sulfuric acid on the other 
hand was found to increase the acetoxyl content: thus for the oxidized rubber N, 
OAc = 7.63% (compare the corresponding value for G@); forO,OAc = 16.2%; for 
P, OAc = 9.86%. 

By treatment with acetic anhydride and anhydrous potassium acetate at 40°, 
the oxidation products could be more highly acetylated, and the saponification 
products could be reacetylated. For these purposes the material (2 g.) was treated 
at 40° with acetic anhydride (15 cc.) and potassium acetate (2 g.); after 12 hours 
the liquid was poured into water and the precipitated solid filtered off. From 
the oxidation product B a fine, white powder was thus obtained, which gave rather 
turbid solutions (found: C 64.1, H 8.69%; equivalent 6500; OAc = 21.1%). 

The hydroxy-acid when reacetylated yielded a pale yellow powder, which did not 
reduce permanganate (compare properties of the hydroxy-acid, Section II) (found: 
equivalent 4520; OAc = 18.7%). 
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Neither cold nor hot alcoholic hydrogen chloride introduced any very appreciable 
amount of halogen (found: Cl 2%). 

State of Combination of Oxygen in the Oxidation Products.—That all the oxygen of 
the oxidation products was present in the form of acetoxyl, hydroxyl, carboxyl, and 
peroxide groups is shown by the oxygen balance relating to the two typical oxida- 
tion products B and G. The figures for these substances are set out below: 


Total Total 
Product OH OAc CO:H* (Caled.) (Found) 


Oz 
B 18.6 6.2 0.2 0.6 25.6 26.6 
G 23.0 4.3 0.15 0.3 27.7 25.7 
Hydroxy acid 23.5 0 1.0 ah 24.5 24.1 


* Only oxygen in the >CO group is shown; the hydroxyl] oxygen is included in OH column. 


The authors are indebted to the Rubber Growers’ Association, for whom this 
work was carried out, for permission to publish, and express their thanks to the 
members of the Modified Rubbers Research Committee for valuable advice. 
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The Heat of Swelling of Rubber 
and Its Relation to the Previous 
History of the Rubber and 
to the Nature of the 
Swelling Agent 


Lothar Hock and Hans Schmidt 
GIESSEN AND BERLIN-KARLSHORST 


INTRODUCTION 


The swelling method developed by Hock and Bostroem! for determining calori- 
metrically? changes in the state of energy of raw rubber (the Joule heat effect on 
stretching, the fiber structure of Hock, and the filler effect of. Wiegand) has been 
developed further, especially by Hock and Hartner, with the object of obtaining 
information about the boundary surface energy between rubber and these fillers* 
by means of the heat of swelling first of all of unvulcanized rubber mixtures contain- 
ing active fillers such as carbon black and zine oxide. 


The “activity” of fillers of this kind evidently depends upon the effect of boundary 
surface forces, which increase the mechanical work of rupture of rubber, A = /‘p.dl, 
after their admixture in the rubber. To ascertain to what extent and in what 
quantitative way this mechanical ‘‘reénforcement”’ of rubber is related to the bound- 
ary surface energy, where there is mutual wetting, is a problem which is attractive 
both from a theoretical and technological point of view, and to the solution of which 
the works mentioned offer the first contributions. 

In continuing the experiments along the same general direction, on the one hand 
from the point of view of a critical examination of methods and on the other hand 
with the object of increasing the precision of the measurements, it was soon realized 
that it would be necessary to carry out special preliminary experiments. In fact, 
when it was once decided to replace benzine, which had been particularly suitable 
in experiments on the swelling of rubber mixtures because of certain unique proper- 
ties, by benzene and other liquids, it became necessary to determine the heat of 
rubber as an objective in itself, whereas in the earlier experiments this had been only 
a means to an end. 

In this way, it was proved in the first place that, as Hartner has already ob- 
served, benzene causes considerably greater, 7. e., a more strongly negative, heat of 
swelling than does benzine (the ordinary grade used as a solvent in the rubber in- 
dustry), and, secondly, that the “aging’’ of rubber, as measured by the value of the 
heat of swelling, appears to progress relatively faster in benzene than in benzine, 
in which the heat of swelling increases only relatively slowly with the time that the 
rubber is immersed. Apparently as time goes on there are changes in the state of 
rubber resulting from aggregation, and whereas one swelling agent may be sensitive 
to this change, another one may not react to it at all, or at least may react in an 
entirely different way in relation to time. By employing several swelling agents 
simultaneously and of course separately in the calorimetric measurements, these 
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differences can be utilized to distinguish to a certain extent the changes in structure 
which unquestionably occur during the extremely complex processes of aggregation, 
since in this complex system the changes seem to vary with the swelling agents. 

From this point of view, and considering the fact that the calculated heat of 
wetting of rubber and zinc oxide with benzine is far different from that with ben- 
zene, it appeared to be of importance, after developing the calorimetric method into 
a more serviceable form, to investigate the following specific problems, of which the 
present work represents a beginning. 

1.° In what way do benzine and benzene differ in the heat of swelling developed 
by raw rubber (in the form of masticated crepe) in these swelling agents? 

2. In what way does the “aging” of masticated raw rubber as time goes on 
manifest itself when the heats of swelling in benzine and in benzene are used as a 
measure of the aging? In what way does the previous history of the rubber in- 
fluence the aging? 

3. In what way, judged by the magnitude and the numerical sign of the heats 
of swelling, do other swelling agents behave toward raw rubber? Later the in- 
fluence of aging and the previous history of the rubber are to be investigated. Is 
there any relation between these phenomena and the chemical constitutions, di- 
pole moments, and the swelling pressures of these reagents? 

4. In connection with these questions, are there any fundamental differences 
between raw rubber containing no fillers and vulcanized rubber likewise containing 
no fillers, e. g., hot-vulcanized sheets of transparent rubber? Do studies of vul- 
canized rubber offer any advantages in method, provided that there are no funda- 
mental differences and therefore that a free choice of samples is available? 

5. With regard to the determination of the boundary surface energy between 
rubber and fillers, what problems are encountered which arise from the differing 
behavior of the various solvents? What assumptions must be fulfilled for a 
method developed for determining the boundary surface energy to be suitable for 
this purpose? 

6. What theoretical principles can be derived from the observed change in 
the heats of swelling of mixtures as they age with the previous history of the rubber 
which they contain and with the nature of the solvent? 

After a few preliminary remarks concerning the method used in carrying out the 
experiments, the six questions above are taken up in order. 


EXPERIMENTAL METHOD 


An apparatus already described by Hartner, viz., the twin calorimeter, was used 
for determining the heats of swelling and the heats of wetting. However, the 
metal reaction vessels which were closed off by a ground joint were replaced by 
equally long glass tubes to be broken, resembling long test tubes, which shut out any 
penetration of swelling agent before the desired time, and the sizes of which were 
large or small, according to the quantity of substance tested. The rubber samples 
were prepared from calendered sheets one millimeter thick and one square meter 
in area, which were kept at a temperature of 18° to 23° C. For the individual 
experiments, rectangular samples about 20 grams in weight were cut, were placed 
between fine-meshed iron screens of the same size as the samples, were then rolled 
up together around glass rods so as to make cylindrical bundles, and were placed 
in the reaction vessels. The purpose of the wire gauze was on the one hand to pre- 
vent the rubber layers from sticking together and thus to allow the swelling agent 
to penetrate more easily, and on the other hand to bring about rapid equalization 
of the temperature. A long, glass rod passed through the center of the roll in 
order to make it possible to break the bottom of the reaction tube. 
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It should be emphasized that the smaller the total temperature change in the 
chief elapsed period, the more precise is the graphical evaluation of the calorimetric 
experiments. Accordingly it is advisable to use rubber samples with a relatively 
Jarge surface, 7. e., thin sheets, in order to accelerate the rate of swelling: If, 
however, the layers adhere together when rolled up, which may happen even 
through the wire meshes, swelling takes place very slowly, and the peptization which 
follows overlaps it to such an extent that in some cases the after-effect can hardly be 
distinguished from the chief period of swelling. 

To determine their heats of wetting, powders were admixed with metal turnings 
to keep them in loose form and for better heat distribution, and pipettes were 
filled with the mixtures. The great differences in the heats of wetting of powdered 
substances observed by Krezil‘ were not observed in the present work, within the 
limits of error. 

In the control vessel of the twin calorimeter, there was placed in some cases a 
duplicate pipette filled with a mixture of glass, rods, and wire gauze, the volume of 
which was the same as that of the sample. This expedient served to compensate 
for the effect of the inflow of heat when the vessel was broken. 

Hartner fastened to the stirrer of the calorimeter heating coils which served 
for electrical control. It was, however, found more suitable to place the two 
constantin heating wires on mica foils in two brass casings, which for better heat 
conductance were filled with paraffin oil, and which to prevent the entrance of 
vapors of the swelling agent, were well calked. Both heating coils had approxi- 
mately the same resistance, that on the reaction side, 21.24 Q. 

It should be mentioned here that the various swelling agents had a decisive in- 
fluence on the times of the experiments, as well as on the preliminary periods. 
With substances having low boiling points, the time up to the establishment of’ 
constant reaction was essentially longer than with substances having relatively 
high boiling points. Furthermore, the time of swelling (the chief period) varied 
from 30 to 45 minutes normally, and up to 3 hours in a few rare cases, according to 
the swelling agent and the age of the rubber. Obviously with such prolonged 
times only uncertain results were obtainable, and in such cases the use of calorime- 
ters of the type of the ice calorimeter is not to be overlooked.* 


THE HEAT OF SWELLING OF RAW RUBBER 


1. The Heat of Swelling of Freshly Masticated Raw Rubber in Benzine and in 
Benzene 


In connection with a cursory determination of the heat of swelling of rubber 
in benzene, Hartner found with samples of the same age a considerably higher 
negative heat tone (absorption of heat, with cooling of the system) than in benzine. 
Naturally in the comparison the samples were alike in all ways, since with increasing 
age of the rubber the heat of swelling also became greater. For example, with a 
raw crepe rubber which had been left for about 15 days after milling, Hartner 
obtained a heat of swelling in benzine of —0.097 calorie per gram, whereas after 
standing 9 months the same rubber showed a value of —4.98 calories per gram. 

This shows that the change within a single day in the heat of swelling in benzine 
is only very small, even if it is assumed that the change in the absolute value of this 
very small heat tone is larger at the beginning than after months. This con- 
clusion was substantiated by subsequent experiments to be described in more 
detail. 

With benzene as a swelling agent, the rubber behaves differently, and in this 
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case it may also be foreseen that the heat of swelling as measured in benzene changes 
greatly during the first few hours after the rubber has been milled. The initial 
value of the heat of swelling after a definite preliminary milling can therefore be 
determined experimentally only in an approximate way. However, the shorter 
the time between milling and breaking of the pipette, the more precise are the 
measurements. If it were desired to determine simultaneously the heats of swelling 
in benzene and in benzine of identical, strictly fresh, and therefore rapidly changing 
samples, it would be necessary to work with two sets of apparatus at the same 
time. Unfortunately these were not available in the work described in the present 
paper. 

Table I gives the results of two sets of experiments on freshly masticated pale 
crepe, which were carried out within the shortest practicable lapse of time. The 
benzene used was a technical grade from Merck, while the benzine was a fraction of 
100-125° C. Both were kept over calcium chloride. 


TABLE I[ 
DIFFERENCE IN THE HEATS OF SWELLING OF MILLED RAw RUBBER IN BENZINE AND IN 
BENZENE 


Heat of Swelling in 
Number of Hours Calories per Gram 
after Milling (Average of Two 
Swelling Agent (Approximate) Determinations) 


Benzine 10 —0.098 
Benzene 35 —0.256 


That the higher value upon swelling in benzene did not depend upon the fact 
that the rubber had changed appreciably during the time between the benzine and 
benzene experiments, 7. e., within about 24 hours, taking into consideration also 
the effect of the benzine, agrees with the results of experiments by Hartner, carried 
out in benzine after weeks, which within experimental errors show the same values 
as in Table I. 

These comparative measurements, which of course were not carried out directly 
after milling, show after all that after 35 hours from the time of mastication the 
heat of swelling of rubber in benzene is twice the value of the heat tone measured in 
benzine (see also Fig. 1). 

With regard to the evaluation of calorimetric measurements of raw rubber, at- 
tention must be called to the fundamental difficulties in establishing in a suf- 
ficiently precise way the transition from the chief period of swelling to the after- 
effect, since as swelling increases this transition extends into the range of gradual 
solution, 7. e., peptization. For this reason the precision of the measurements is 
relatively small. However, this difficulty is avoided by the use of vulcanized rubber 
in the form of thin sheets, as is shown by swelling experiments on vulcanized rubber, 
which are described later. 

At the same time a comparison of the results of parallel experiments on soluble 
raw rubber and on insoluble vulcanized rubber, which were in a general way similar, 
removed the doubt which had first arisen that the overlapping of the swelling phe- 
nomenon and peptization might lead to decidedly misleading results in the heat 
tone. 


2. The Aging of Freshly Masticated Raw Rubber, as Followed by the Change 
in Its Heats of Swelling in Benzine and in Benzene 


The changes in the heat of swelling of raw rubber samples with time, which 
have been described, vary greatly with the previous history of the rubber. When 
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the rubber is highly masticated, the heat of swelling is relatively small when 
measured immediately, and this heat of swelling begins to change considerably 
immediately after the rubber has been milled. A less extensively masticated 
sample shows a strongly negative heat of swelling, whereas the change with ‘time 
is small. This is for the time being true only for swelling in benzene, for the 
changes with time in the experiments with benzine are so small that they could not 
be determined within the few weeks during which the experiments extended, and 
within the experimental errors. Moreover in this case the absolute value of the 
heat of swelling is insignificant. 


TABLE II 
VARIATION WITH TIME IN THE HEAT OF SWELLING OF RAw RUBBER IN BENZENE AND IN 
BENZINE, IN CALORIES PER GRAM 
In Benzene Hours after Milling In Benzine Hours after Milling 


—0.256 33.5 —0.098 10 
—0.606 104 i 83 
—0.962 247 ; 227 
—1.155 415 ‘ 422 
—1.430 706 pote 


Table II gives the values of the heats of swelling of the rubber in benzine and in 
benzene, already described in Section (1), as a function of time. The graphical rep- 
resentation is, however, clearer. The horizontal straight line obtained with benzine 
(Curve a) shows plainly the absence of any appreciable change within the period 
of time in question (compare, however, the results of Hartner, described in Section 1). 

The curve of the results with benzene (Curve b) is quite different. This curve 
shows a marked, regular ascent of a character to suggest an asymptotic course. - 
The beginning of the curve is of considerable interest. If the curve is extrapolated 
to the zero value of time, 7. e., to the time of milling, the heat of swelling of rubber in 
benzene in all probability has a positive value at the very beginning,® at least if it is 
assumed, as is fairly probable, that the curve shows no irregularity (see the dotted 
part of Curve b). The probable heat of swelling of a rubber masticated to the 
degree in question might at zero time reach a value of +0.1 calorie per gram. It is 
therefore evident from the course of this curve that it is of great importance to have 
as short a time as possible between milling and the determination of the heat of 
swelling, or in any case to pay special attention to this factor. 

Experiments, the object of which was to obtain positive heats of swelling in 
benzene, 7. ¢., an evolution of heat, were also carried out, but without leading to 
the desired results. Cold milling, 7. e., so-called “dead-milling”’ actually led to a 
strongly negative heat of swelling, in spite of the measurements being made im- 
mediately after milling. Milling for the same period, 7. e., one hour, but under 
warmer conditions (40° C.), gave a smaller negative value. Nevertheless, the 
latter was always —2 calories per gram, whereas in the earlier experiments (Table IT) 
values of only —0.26 calorie per gram were obtained. However, the case where the 
same sample of raw rubber may swell in a given solvent with either a positive or a 
negative heat tone, depending upon its state of aggregation, will be discussed in 
connection with another subject. 


3. The Heat of Swelling of Masticated Raw Rubber in Various Other Swelling 
Agents (Chloroform, Carbon Tetrachloride, Benzene, Acetylene Dichloride, 
Toluene, and Benzine) 


The rather large difference which was observed in the heats of swelling of raw 
rubber in benzine and in benzene was of course an incentive to determine these 
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values in other swelling agents in order to find some relation to their chemical con- 
stitution or to one of their physical constants, such as the swelling pressure or di- 
pole moment. Accordingly swelling agents other than benzine were chosen by 
preference from among those whose swelling pressures were already known. Such 
a choice included, other than benzene, carbon tetrachloride, chloroform, acetylene 
dichloride, and toluene, all technically pure. 

According to Freundlich and Posnjak,’ the swelling pressure P is expressed by 
the relation: P = Poc‘, where c is the number of grams of dry gel in 1000 ce. of 
total volume, and P» is the proportionality factor which represents that pressure 
which would exist at a concentration c of 1. The constant k is approximately the 
same for the various swelling agents, and has a mean value of 2.62 for the liquids 
employed in the present work. 

Here too, in order to be comparable, these determinations of the heats of swell- 
ing in the various liquids had to be carried out as rapidly one after another as 
possible, in order to reduce to a minimum the change in the heat tone as the rubber 
stood increasingly long. The “age” of the rubber employed was arbitrarily de- 
fined by its heat of swelling in benzene after the average time, viz., at the end of 3 days, 
of the series of comparative and parallel experiments which extended over 6 days. 
This heat tone was at the same time compared with that found in the other media. 

Table III shows the results obtained under these conditions, the values being 
averages. 

TABLE IIT 
Heats oF SWELLING oF MILLED Raw RvuBBER IN Six DIFFERENT SWELLING AGENTS 
Swelling Agent Heat of Swelling (Calories per Gram) Po Value 
Chloroform +3.0 265 X 10-5 
Carbon tetrachloride +2.3 566 x 10-5 
Benzene —1.36 44 xX 10-5 
Acetylene dichloride —0.5 472 X 10-5 


Toluene —0.37 280 <x 10-5 
Benzine —0.1 ree 


In spite of the time interval in their determination and the lack of precision of the 
individual results, which render a strict comparison out of the question, it is easy to 
recognize differences which overshadow these influences, and which even involve 
differences in the numerical sign of the values. Since, moreover, the rubber swollen 
in benzene showed only a moderate change in its heat of swelling with time (see Fig. 
I, Curve b), the differences in the various measurements which result from the time 
factor do not affect the results adversely to any considerable extent. 

It was of course still necessary to determine, for a particular state of aggregation 
of rubber, whether those swelling agents with which within a few days the heat of 
swelling in benzene has changed relatively little likewise give approximately con- 
stant heats of swelling. It might be conceivable that among them there are liquids 
which exceed benzene in their sensitivy toward changes in the structure of rubber 
upon aging, in the same way that benzene is more active than benzine. In this 
case a doubt would arise whether the values in Table III are comparable, though 
here a still more interesting variety of aggregation phenomena are manifest. The 
greater the difference in the effects of the various swelling agents on the partial 
phenomena during the aging of the rubber, the greater is the possibility naturally of 
following this problem in detail. 

In the third column of Table III the Py values are given. There is no apparent 
relation between these values and the heats of swelling or the dipole moment of the 
swelling agents.® However, the results are noteworthy to the extent that they show 
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actual differences in the numerical signs of the various swelling agents. In so far 
as the limited number of liquids studied allows any generalization, it appears as if 
the heats of swelling of substances with double bonds are negative, and the absolute 
values greater, than is the case with substances containing simple carbon bonds. 
This generalization is, however, necessarily limited to the present series of experi- 
ments (see also Table IV). 

The measurements were carried out in such a way that the reaction could be 
started when the calorimeter had come to equilibrium. After about 30 to 45 min- 
utes the heat exchange was ended, and the system was again in equilibrium. At 
this stage the rubber, upon being withdrawn, appeared to be saturated with the 
swelling agent. When it was left still longer in the swelling agent, it gradually dis- 
solved, but with an insignificant heat tone. This was also found by Hartner 
when he added more benzine to rubber which was already swollen in benzine. No 
calorimetric effect was observed, which of course would probably be less pronounced 
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Figure 1—Aging of Raw Rubber (Pale Crepe) Measured in Terms of Its Heat of 
Swelling in Benzine and in Benzene 


= Heat of swelling in benzine : , 
= Heat of swelling in benzene both in gram-calories per gram of rubber 


a 

b 
with benzine than with other liquids. With acetylene dichloride the behavior was 
obviously different. In this case the chief period of swelling fell into two distinct 
parts; a first part characterized by a steeply inclined curve (swelling), which after 
50 minutes passed into a section which fluctuated around a slightly inelined straight 
line (peptization), which after a further 100 minutes assumed a steady course. A 
heat of peptization which is greater than that of swelling, and which is superposed on 
the latter, probably appeared at this time. Nevertheless it may be assumed that 
at the beginning the heat of swelling, the magnitude of which was estimated as 
such, was the effect chiefly manifest. When the wire gauze which originally en- 
closed the rubber was removed from the liquid after the experiment, it was found 
that all the rubber had dissolved. 

When the experiment was repeated with a new sample of freshly milled raw rub- 
ber (crepe la), a negative heat tone of approximately 0.5 calorie per gram was 
obtained (with benzene it was —2.0 calories per gram). On the other hand, when a 
sample of crepe which had been milled one month previously was tested, its reac- 
tion with acetylene dichloride actually liberated heat. This was also found to be 
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true when vulcanized rubber was swollen in acetylene dichloride, which otherwise 
showed the same signs of the heats of swelling as shown in Table ITI. 

Finally it should be mentioned that a sample of untreated pale crepe rubber, as 
obtained from the plantation, showed in benzene a heat of swelling of —2 calories, 
a value similar to that (— 1.4 calories) observed earlier with smoked sheet.!° 

The results described up to this point lead to a series of new problems. One 
might suppose, for example, that under certain conditions (as pretreatment, etc.) 
rubber gives a positive heat tone in all solvents, in which case it would lose its ex- 
ceptional property of swelling with a negative heat tone.!' Thus Curve b in 
Fig. 1 would suggest that in benzene the particular sample might give a positive 
effect if it were swollen immediately after 
being milled. In any case there is no doubt n oT 
that the swelling of rubber is a very compli- 
cated phenomenon, which in one of its phases 
perhaps corresponds to the theoretical and 
better understood swelling of other lyophilic 
colloids, such as gelatin and albumin, 7. e., 
with a normal positive heat tone of this par- 
tial process, whereas in its other phases addi- 
tional effects are involved. Among these 
latter effects belong especially disaggregation Glass tube 
of the rubber, and, as is most plainly evident 
with acetylene dichloride, the overlapping of 
the swelling by peptization, the effect of which 
on the total heat tone may, however, not be of 
much significance. 





4. The Heats of Swelling in Various Swell- 
ing Agents of Vulcanized Rubber Contain- Benes theended 
ing No Fillers sleeve 





The experiments in the present investiga- 
tions were primarily concerned with the swell- 
ing of unvulcanized mixtures. The purpose 
was first of all to establish the fact that in ete aan 
these simplest of systems the boundary surface \ J 


energy between rubber and active fillers is the inant 














cause of the “reénforcement” resulting from 
their admixture. As a consequence, an in- 

vestigation of vulcanized rubber was not in- Betiom of -— 
cluded in the beginning. Considering, how- unscrewing 
ever, that the determination of the heat of Figure 2 

swelling of raw rubber became the object of 

a special investigation in itself, attention was turned to vulcanized rubber as 
well. 

Compared with raw rubber, vulcanized rubber is distinguished by its limited 
ability to swell, so that the problem does not involve any accompanying or super- 
imposed peptization. As a result, the heat of swelling of vulcanized rubber, es- 
pecially in the form of thin sheets, can be determined more reliably by the calorimet- 
ric method than is the case with raw rubber, and obviously with greater precision 
as well, since the end point of the swelling is much more sharply defined than with 
unvuleanized rubber, where swelling is more or less unlimited. 

As a matter of fact, there was the fear, in view of the surprising appearance of 
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both positive and negative values of the heats of swelling (the results of which are 
shown in Table III), that the results may have been incorrect, perhaps because of 
inclusion of the heats of peptization. If, on the other hand, it could be shown that 
with vulcanized rubber as well the phenomena are fundamentally the same, that is, 
that the magnitudes and even the numerical signs of the heats of swelling depend 
upon the nature of the swelling agents, then there would no longer be the fear 
mentioned, and the influence of simultaneous superimposed swelling and peptiza- 
tion effects with raw rubber would be confined merely to a loss of precision in the 
measurements, which is after all of minor significance in a knowledge of the general 
relations involved. 

Meantime, however, resort was had to other types of reaction apparatus, which 
made it possible to use precise quantities, e. g., 20 grams, of swelling agent with the 
rubber. This is of importance in obtaining comparable measurements on unvul- 
canized rubber, where swelling is unlimited. As seen in Fig. 2, a brass reaction 
chamber, consisting of a long glass tube which could be inserted in the calorimeter, 
served for this purpose. The tube, which was tapered at the lower end, was cemented 
into a brass screw, which formed a sealed cover for the brass shell. On the bottom 
of the shell was placed an easily removable brass cup, which held the rubber to be 
swollen.!? In order to be cleaned more easily, it was provided with a base which 
could be unscrewed. 

A test tube was filled with the swelling agent, was closed with a cork stopper, was 
placed in the tube, and was allowed to reach the temperature of the calorimeter. 
To start the swelling experiment, the test tube was raised by a thread a short dis- 
tance, and then broken by allowing it to drop to the tapered bottom of the tube. 
Toluene served for the calorimeter liquid, which combined a high boiling point 
with a relatively small specific heat. In the twin cup, the same procedure was car- 
ried out, only in place of the rubber the same volume of glass was introduced. 

The rubber studied included transparent hot-vulcanized rubber containing no 
fillers, and dipped rubber in sheets approximately 0.05 mm. thick. From these 
the samples to be tested were cut in the form of pieces about 4 sq. cm. in area and 4-5 
grams in weight. 

Table IV gives the heats of swelling of these vulcanizates, in comparison with the 
heats of swelling of raw rubber shown previously in Table III. With the slight 
thickness of the sheets, and in view of their limited capacity for swelling, the end 
of the heat reaction was reached sooner and was more sharply defined. 


TABLE IV 


Heats OF SWELLING OF A TRANSPARENT Hot VuLCANIZATE (DipPpED RUBBER) IN 
VARIOUS SWELLING, AGENTS 


Heat of Swelling Heat of Swelling of 
Swelling Agent (Calories per Gram) Raw Rubber (Table III) 
Chloroform +2.0 +3.0 
Carbon tetrachloride +1.2 +2.3 
Acetylene dichloride +0.8 —0.5 
Benzene —2.4 —1.4 
Toluene —0.6 —0.4 


In a general way there is a parallelism between the two sets of values, so that 
it is justifiable to regard the values obtained with raw rubber as correct in their 
general order of magnitudes. On the other hand, the abnormal behavior with 
acetylene dichloride is surprising, where the heat of swelling with vulcanized rubber 
shows a positive value. It may be recalled (see column 3) that masticated rubber 
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which had stood a long time, and where a higher state of aggregation had to be 
overcome, showed a positive heat of swelling. Fresher, less compact structures 
are, on the contrary, more readily attacked by the liquid. 

The most surprising fact of all in connection with these observations is that the 
heat of swelling of milled crepe in benzene becomes more and more strongly nega- 
tive as aging progresses, whereas in acetylene dichloride the change in values is in 
exactly the opposite direction, with even an ultimate change in the numerical sign 
to positive. Evidently more extensive experimental data must be collected before 
these facts can be explained. The authors reserve this problem to themselves, and 
intend in particular to carry out basic experiments with substances which are com- 
parable in their chemical structure but at the same time are simpler, and thus to 
reach an explanation of the aging structure of rubber. 

Since, as the measurements in the present work show, vulcanized rubber also 
gives heats of swelling which vary both in magnitude and in numerical sign with 
different swelling agents, vulcanizates might in view of their limited swelling offer 
fundamental advantages over raw rubber in such investigations, except of course 
where certain special properties of raw rubber are to be made the object of an in- 
vestigation in itself. 

The authors are occupied, not only with a study of the heats of swelling of samples 
of raw rubber with various previous histories, but are starting corresponding experi- 
ments with dried latex, and with polymerizates of butadiene, dimethylbutadiene, 
etc. Likewise comparative experiments on polystyrenes of various molecular sizes 
will be included to aid in explaining the influence of the chain length of high mo- 
lecular substances on their heats of swelling. Finally swelling experiments" on 
recently obtained insoluble rubber polymerizates of the empirical constitution 
(C;Hs)z, which share with vulcanized rubber the property of only limited swelling, 
will be reported in a later paper. 


5. The Heat of Swelling of Mixtures, and Its Relation to the Boundary Surface 
Energy between Rubber and Fillers 


When a mixture, e. g., an unvulcanized mixture of rubber and carbon black, 
undergoes swelling in a swelling agent, there is not only a swelling of the rubber 
component, but a wetting of the filler by the liquid. If, on the one hand, the heat of 
swelling of rubber is known and, on the other hand, the heat of wetting of the filler is 
also known, it is possible with such data, and with due regard to the proportions of 
rubber and of filler, to predict what the magnitude of the net heat of swelling of the 
mixture must be, as calculated from the two heat tones, provided that there is no 
additional heat tone, which is involved in the breaking up of the forces of attraction 
between rubber and filler. Just as in the admixture of rubber and a filler there is a 
mutual wetting of the two substances, with release of energy, the magnitude of 
which depends upon the extent of the common surfaces and upon their specific 
mutual attraction, conversely this same quantity of energy is again consumed 
when the union between rubber and filler is broken, which is the case during swell- 
ing. As a matter of fact, it is found that the heat tone measured calorimetrically 
during the swelling of a mixture is not the sum of the heat of swelling of rubber and 
the heat of wetting of the filler, so that the difference between the observed and 
the calculated values must represent the total boundary surface energy between 
rubber and filler, 7. ¢., that quantity of energy which is consumed by loosening of 
their mutual forces of union, which may, asit were, be designated as a “dewetting” of 
the rubber and filler. 

If Uw represents the heat of swelling of the mixture, Ux that of the rubber. 
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Ur the heat of wetting of the filler by the particular swelling agent, and Ga the 
boundary surface energy between rubber and filler, based on 1 gram of mixture, 
rubber, or filler, then if px is the percentage of rubber with pr per cent of filler in the 
mixture, the equation: 


a | a sa 
Un — [F% Ux + 309 Ur | Gu 


is valid, where numerically positive heat tones (in gram-calories), 7. e., exothermic 
processes which liberate heat, and numerically negative heat tones, 7. e., endothermic 
processes which absorb heat, are correlated. 

If +Gw represents the energy of wetting between rubber and filler, then the 
energy change upon “dewetting” is represented by —Gmu. If this change is based, 
not upon 1 gram of mixture, but upon the quantity of filler contained in 1 gram of 
mixture, that is, upon the “heat of wetting’’ (including the free surface energy), as it 
were, of 1 gram of filler with the rubber in the proportions chosen, and if this value 
is called Gr (+Gr upon union and —Gr upon separation of the components), and 
for convenience with the index c to indicate its relation to a definite concentration 
of filler, then the following relation is finally obtained: 


— 00fpe 4 PF. y,— | 
(Gr). = td [ta Ux + 309 Ur — Um 


It follows from this that when a carbon black mixture containing 15 per cent by 
weight of black and 85 per cent of rubber swells in benzine, where Ur is +2.8 
calories, Ux is —0.1 calorie, Um is —0.35 calorie, the value of (Gm). is +0.685 
calorie, whence (Gr)- is +4.56 calories per gram of carbon black. 

This value becomes greater with diminution in the concentration of filler, and 
smaller as this concentration increases. However, the dependence of the boundary 
surface energy upon the concentration, and the possibility of determining its ideal 
value when c is 0, will not be discussed at this time. 

On the other hand, in connection with measurements of different heats of swelling 
of raw rubber, a study has been made to ascertain in what way the heat of swelling 
of a mixture is dependent, on the one hand, upon the swelling agent and, on the other 
hand, upon the aging of the mixture. It might with this information be possible 
to obtain criteria for an experimental procedure which would in turn make it possible 
to determine with the closest possible approximation the boundary surface energy 
between rubber and fillers. 

As may be seen from the equations derived, errors in the determination of the 
heat of swelling of rubber make themselves especially evident in the results when 
the value of this heat is considerably different from zero, since mixtures of this 
character contain a high percentage of rubber and relatively little filler, the heat of 
wetting of which with the liquid can be determined with considerably greater preci- 
sion. 

The uncertainty in the numerical value of the heat of swelling of rubber repre- 
sents therefore the most important source of error in the result. Consequently in 
the measurements by Hartner considerable forethought was used in choosing ben- 
zine as a swelling agent, because the rubber gave with this liquid only 0.1 calorie 
per gram of rubber, whereas with benzene values ten times as great may be ob- 
served, which, as is well known, change considerably with time, as does not happen 
with benzine. 

In deriving the equation, the tacit assumption was made that the heat of swelling 
of pure rubber is identical with that of the rubber actually present in the mixture. 
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This identity is, however, in principle open to doubt, since under the influence of the 
mixing operation the rubber may change considerably from its original state be- 
fore mixing, even when care is taken, as obviously was done in all cases, to deter- 
mine the heat of swelling of rubber containing no filler by the use of rubber which 
has received the same treatment on the mill as the rubber containing the filler. If 
it is desired to reduce this uncertainty to a minimum, a swelling agent must be 
chosen with which the heat of swelling is practically independent of the condition 
of the rubber, and at the same time is so close to the absolute value of the heat of 
swelling that even considerable percentage differences in the heat tones of mixed 
and unmixed rubber have only an insignificant effect on the numerical value of 
(Gu)c, as far as the object in view is concerned. 

Benzine, which fulfills these conditions best, is accordingly preferable to any 
of the swelling agents so far studied. In order for it to be certain that the mixing 
operation leaves the heat of swelling unaltered, the same value for the boundary 
surface energy of a given mixture would obviously have to be obtained with every 
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Figure 3—Heats of Swelling of Mixtures 


swelling agent. The aggregation of the rubber which takes place after the milling 
and mixing operations, and on which benzine has no appreciable action but on 
which benzene has an extraordinarily sensitive action, needs therefore only take place 
to varying extents in unmixed.and mixed rubber in order to result in different heats 
of swelling which are not comparable. This is a source of error in the method 
which can be safely avoided by the use of benzine. Nevertheless experiments 
with gas black mixtures, which were carried out independently by Bostroem with 
benzene and by Hartner with benzine as swelling agents, show a satisfactory agree- 
ment for like concentrations of gas black. However, only by repeated compara- 
tive measurements would it be certain that this agreement was other than acciden- 
tal. 

After a considerable change in the heat of swelling of milled rubber in benzene 
was recognized to be true, it appeared to be of interest to carry out comparative 
experiments on the swelling of mixtures in benzene and in benzine, and to deter- 
mine the hitherto unstudied influence of aging on the boundary surface energy cal- 
culated by the method described. 
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In place of carbon black, ‘Red Seal”’ zinc oxide was used as a filler, 25 per cent by 
weight being mixed into pale crepe. The heat of wetting of zinc oxide was +0.086 
calorie per gram in benzene, and +0.156 calorie per gram in benzine. Measured in 
benzine, the heat of swelling of the mixture remained practically constant for several 
weeks, viz., varied around a mean value Um of —0.085 calorie per gram of the mix- 
ture. The heat of swelling of rubber itself varied around a likewise constant value 
of 0.88 calorie per gram. From this (Gr), the boundary surface energy per 
gram of zinc oxide in the mixture in question, was 0.23 calorie per gram of zinc 
oxide. 

However, as seen in Fig. 3, neither the heat of swelling of rubber nor of the 
mixture remained constant during swelling in benzene. If in calculating the bound- 
ary surface energy the values of Ux and Um determined for rubber of the same age 
are used (the curves of these functions cross at a time of 275 hours after milling 
of the rubber, at a value of —1 calorie per gram, so that before swelling the mixture 
and after swelling the rubber alone shows the stronger endothermic reaction), then 
a value of (Gr). far removed from that above is obtained, the numerical value of 
which exceeds by five-fold that obtained experimentally in benzine. 


TABLE V 
Heats oF SWELLING Uy oF AN UNVULCANIZED MiIxtTurRE oF 75 Per Cent CREPE AND 
25 Per Cent Zinc OXIDE IN RELATION TO THE TIME OF REST AFTER MILLING 
(GM)c 
Um UK (Calorie per (GP)ec 
Time (Calorie per (Calorie per Gram of (Calorie per Gram 
(Hours) Gram) Gram) Mixture) of Zine Oxide) 


33 —0.48 —0.256 +0.31 +1.24 
100 —0.86 —0.580 +0.27 +1.08 
275 —1.00 —1.00 +0.27 +1.08 
500 —1.18 —1.26 +0.30 +1.20 
700 —1.23 —1.38 +0.31 +1.24 

Mean: +1.16 


Table V gives the heats of swelling derived from the curves of Ux and Um in 
Fig. 3 for rubber and the rubber zinc oxide mixture for the same time of rest after 
milling. These measurements extended over a period of about one month. From 
these heats of swelling were calculated values of (Gm)-, for which it was necessary to 
know the heat of wetting of zinc oxide by benzene, Ur, viz., +0.086 calorie per gram 
of zinc oxide. 

Because of the marked dependence of the heat of swelling of rubber in benzene 
upon the previous history of the rubber, the use of the method of calculation for 
Gu and Gr might, as has already been emphasized, be open to grave criticism. 
Nevertheless, the calculations have been carried out in one case, and it has been 
found that, in spite of the great range through which the individual values of Um 
and Ux extended within a period of one month, the magnitude of the energy of 
wetting remained at a fairly constant value around + 1.16 calories. 

Having at first simply intended to confirm these experimental results, unlimited 
problems arose, which naturally could be solved only one at a time by means of 
numerous additional experiments. However, in the present investigation it 
was a question of finding a basis for developing in its ultimate form the method de- 
scribed, following which there will be derived the criteria necessary for its successful 
application. 

Swelling agents with which the heats of swelling are as sensitive to the state 
of aggregation of rubber as they are with benzene leave more uncertain the hy- 
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pothesis as to the way in which unmixed and mixed rubber give the same heat of 
swelling than does benzine, which is passive in its behavior, and because of the in- 
significant absolute value of its heat of swelling is responsible in only a very small 
way for relatively great changes in the final results. 

It may also be asked whether, within the period of time when the calorimetric 
measurements were made, the unmixed rubber reached during swelling a final state 
identical with that of the rubber in the rubber-zine oxide mixture. In principle 
this too may be open to doubt. Nevertheless there might be only slight differences 
in the final state of swelling, which from the point of view of energy are certainly 
insignificant, for without any doubt the same law applies to the heat of swelling, 
to the swelling pressure, and to the heat of absorption. According to this law, by 
far the most important part of the total energy exchange in the reciprocal effect 
takes place with that part of the medium which first reacts. If, on the other hand, 
the total effect, as in the case of benzine, is slight, then it obviously matters very 
little whether or not any differences exist in the final state of the swelling of rubber 
in the two states. 

A further point to be considered is that in a swollen mixture, as has already been 
mentioned in the beginning, a complete loosening of the forces of union between 
rubber and filler does not take place. Evidence of this is the observed solution of 
some of the mixture. Nevertheless these residual forces may also be regarded as 
only relatively feeble compared with the decidedly large amounts of energy to ac- 
count for the adhesion of active fillers with rubber. 

If, for example, in a gas black mixture like that already mentioned, over 4 calories 
per gram of the black in the mixture are accounted for as boundary surface energy 
between the components in the mixture, then it is of no real importance in the pres- 
ent calculations whether a fraction of a calorie may happen to remain unaccounted 
for, because certain forces of this order of magnitude uniting rubber and carbon 
black may still remain. Nevertheless this is a point which merits attention. Asa 
matter of fact there appear to be no particularly surprising differences in the results 
when carbon black mixtures were swollen, on the one hand, in benzene and, on the 
other hand, in benzine, whereas zinc oxide mixtures which were tested under strictly 
parallel conditions show significant differences. 

Here, too, open questions are involved, and it does not seem at all impossible that 
the method is applicable only to a particular swelling agent and that it is serviceable 
in a reliable way with certain fillers only, e. g., with carbon black, whereas zinc oxide 
may be unsuitable, either because it enters into some intimate combination with 
rubber or with the non-rubber components, or because through the action of the 
swelling agents, which show only slight heats of wetting with zinc oxide, the zinc 
oxide is not “alienated” from the rubber to the same extent as is carbon black, 
which shows both a large heat of wetting with swelling agents and at the same time 
excellent wettability. 

Finally with respect to a filler, the assumption is warranted that its heat of 
wetting has the same value in the rubber mixture and unassociated with it. Apart 
from certain forces of adhesion between the filler and swollen rubber, which in this 
respect might bring about differences that have already been discussed as of a 
less serious nature, there remains the more serious consideration whether the 
degree of subdivision of the filler before and after mixing is nearly enough the same. 
Doubtless the mixing process leads to further grinding of the filler, and thus in- 
creases the surface area available to be wetted. However, the smaller the heat of 
wetting of the filler by the swelling agent, the less appreciable is the error arising 
from this cause, as has already been shown to be true of the heat of swelling of 
rubber. Relatively low percentages of filler in the rubber mixture further minimize 
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thiserror. In the case of fillers with a large heat of wetting, e. g., carbon black, this 
factor might be of greater consequence. 

In order to avoid difficulties of this kind, it would therefore seem advisable to 
stir the fillers into solutions of the rubber, and to use the dried residues in the 
experiments. Furthermore, in spite of the complication in the whole process re- 
sulting from vulcanization, it is necessary to apply the method to vulcanized rubber 
in order to be able first of all to compare the results with unvulcanized and vul- 
canized rubber mixtures. ; 


6. The Aging of Mixtures 


The results which have been described concerning the dependence of the heat 
of swelling of rubber mixtures upon the previous history of the mixtures and upon 
the nature of the swelling agents, do not in any way make it possible to explain 
the unquestionably very complex phenomena which occur both during aging and 
during swelling. Aside from the more or less satisfactory development of the 
criteria already discussed, the reasons for the differences in the individual series of 
experiments can be sought through considerations of another kind, which in conclu- 
sion may be mentioned very briefly. 

For example, the aging of rubber, 7. e., the change in its state of aggregation, is 
certainly influenced by the presence of fillers. Besides the aging of the rubber 
itself in a rubber mixture, there is also an aging of the mixture itself, inasmuch as 
upon continued standing the state of dispersion of the filler and the magnitude of 
the boundary surface common to rubber and filler may change. 

It might also be thought that the different powers of disaggregation of the in- 
dividual swelling agents would mean that the liquids vary distinctly in their ability 


to wet the fillers in aged rubber mixtures. 

It is sufficient merely to hint at the abundance of problems in order to demon- 
strate that the determination of the boundary service energy between rubber and 
fillers represents a problem, the solution of which appears to be at the same time 
difficult and attractive. 
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February, 1934.] 


The Swelling of Latex 


F. Evers 


DEPARTMENT OF ELECTROCHEMISTRY, SIBMENS AND Haske A.-G., WERNERWERK M., 
BERLIN-SIEMENSTADT 


The swelling of solid substances is a phenomenon which has been known for a 
long time, and extended investigations have been made on its nature. On the 
other hand the title of the present work may appear to be incongruous, for there 
has been in the past no evidence that liquids have any tendency to swell. At 
least the mutual action of two liquids has been spoken of, not as a swelling, but 
only as-a partial mixing, 7. e., as an equilibrated dispersion. Nevertheless, under 
certain conditions latex undergoes actual swelling. 

A reference to the works of Hauser and of earlier investigators on the morphology 
and composition of latex will show that the colloidal condition of the solid phase 
of latex is responsible for its remarkable behavior with hydrocarbons. Latex 
represents a dispersion of rubber in a serum. The rubber, in the form of latex 
globules, is surrounded by a layer of adsorbed protein. Besides salts and sugars, 
the serum contains protein. This complex composition causes the remarkable 
phenomenon of swelling of latex with hydrocarbons. A few years ago the author 
dealt with this phenomenon in a brief way.! 

In the present work a few observations on experiments on the swelling of latex 
are described. The results of the investigation show that swelling in ammoniacal 
latex depends upon the swelling of a layer of rubber in the boundary surface. 

The swelling effects in both experiments described at the beginning of the earlier 
work have been studied further. Other experiments which have been carried out 
under similar conditions have given results which are analogous to those already 
described. 

The evaluation of the quantitative measurements show very interesting results, 
first of all because they throw light upon the course of swelling as a function of 
time. 

Figure 1 shows the swelling curves of two experiments which are comparable.” 
The reaction of the sera in both experiments differed in px by almost one unit. 
Accordingly the swelling curves are decidedly different. However the trends of 
the curves are regular and of like form. A mathematical analysis shows that the 
curves follow very closely the equation of bimolecular reactions. 

It is therefore probable that the swelling of an adsorbed layer of rubber proceeds 
like the swelling of a piece of solid rubber in benzene, as Freundlich and Posnjak® 
have proved. If the method of Freundlich and Posnjak is applied to the present 
swelling experiments, exactly the same results are reached. 

The equation for the rate of swelling in its simple form is: 


V = K(a —- 2) 


where K is the equilibrium constant, V is the rate of swelling, x is the volume swollen 
in time (t), and a is the maximum volume swollen. 
This equation therefore shows that the swollen volume is proportional to the 
quantity of swelling agent absorbed, a determination which is otherwise difficult. 
In the following table calculations of Experiments 11 and 13 are shown. 
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SWELLING OF A LaTex Ricu In AMMONIA 
Experiment No. 11 


Concentration of rubber = 53 grams per liter 
Concentration of ammonia = 0.76 mol per liter 
Pa = 11.6 
k = 0.0423 a = 114 ce. 


z calculated 


s 
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Measurements included: ¢ in days 
z in ce. 
V the rate of swelling in cc. per day 


The agreement between the measured and calculated values of swelling is better 
than was to be expected, for the accurate measurement of the volume swollen is 
practicable only within certain limits. Under the experimental conditions the 


swelling maximum amounts to 114 cc. The half value of time 7 is the time of: 


swelling when the swollen volume z is exactly 0.5 a; in the case above, T' is 23.6 
days. 


SWELLING OF A LaTex Low In AMMONIA 
Experiment No. 13 


Concentration of rubber = 51 grams per liter 
Concentration of ammonia = 0.02 mol per liter 
Pa = 10.7 
k = 0.0185 a = 102 ce. 


z calculated 
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The significance of the numerical sign is the same as in the preceding table. 
Here too there is good agreement between the observed and calculated swelling 
volumes. The half value of time T' is 54 days. 

In the following table the results of both experiments are’summarized. 


Volume swollen 
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SUMMARY OF THE VALUES 
PH a k ‘4 Vo 


Experiment 11 11.6 114 0.0423 23.6 4.3 
Experiment 13 10.7 102 0.0185 54 9 


A comparison of these values shows that a diminution in the pu value of 0.9 
units results in a diminution in the rate of swelling V» of somewhat more than one- 
half. ; 
It is also worthy of note that, after approximately 240 days, the rate of swelling V 
becomes almost constant at a value of 0.5. 

In another series of experiments it was found that the volume capable of being 
reached by swelling likewise diminished with a diminution in the pu value, whereas 
the reaction constants increased in the same way. Other mathematical expedients, 
especially exponential functions, were also tried, but no satisfactory agreement 
could be found, so that it may be said that the rate of swelling is proportional to the 
mass that is still capable of swelling. 


Expt. 11 
Pu =th6 


Expt. 12 
PH= !0.7 
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Figure 1—Swelling of Latex Figure 2—Solubility of Rubber upon Swelling 


The curve in Fig. 2 represents the content of rubber in benzene at the termina- 
tion of the swelling. As the second codrdinate, the pu value of the medium was 
chosen. It was found that an increase in the px value resulted in a greater solu- 
bility of the rubber. It almost seems as if solution equilibrium were involved, 
for the encircled points, which correspond to swelling times of about 0.1 of the others, 
fall very well on the curve. To what extent these relations depend upon osmotic 
pressures will require further investigation. 

So much may be said for the analytical side of this problem. Clear as were the 
experiments with the measuring cylinders, they were still to some extent very un- 
satisfactory. The real mechanism of swelling cannot be observed closely, and yet 
in this very sort of study lies the promise of more definite information about 
the phenomenon of swelling. The results of the experiments with the micromanipu- 
lator of Peterfi and the first results with this apparatus have already been reported 
in the earlier publication. Of the results obtained at that time, attention should 
be called only to the fact that it was possible to observe characteristic membranes 
which separated in the boundary layer. 
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The experiment showed, for example, that a film is formed by the injection of 
toluene into latex. This is the initial phenomenon of swelling. If very much 
hydrocarbon is present, the film becomes thicker and absorbs the latex particles. 
If, on the contrary, as in the micrurgical experiments, only very little hydrocarbon 
is present, this will diffuse through the wall of the film and will be dissolved in the 
serum. In this case only the film remains behind. That it is really a question of 
the separation of films or membranes has only recently been confirmed by a filtra- 
tion experiment. If ordinary latex containing ammonia is filtered through a Bech- 
hold filter and if a microscopic preparation of the serum is examined closely in the 
dark field, there will be seen in the liquid an immense number of the finest lamina 
forms, part of which show Newton colors. These forms are certainly not present 
in the original serum. Their appearance can be explained only by the fact that 
they are formed during filtration in the capillaries of the ceramic filter, that they 
are torn off by the current in the filter, and are carried into the serum. These re- 
markable membranes were at first considered to be coagulated protein; however 
it may be that further investigation, with which the author is at present occupied, 
is going to offer an entirely different explanation of these membranes. 


Figure 3—Swollen Latex Figure 4 Figure 5—Membranes 
“ Formed by the Swelling 


The microscopic examination of swollen latex films shows, however, a wholly 
unexpected picture. Instead of the regularly formed swollen rubber layer, a 
sparkling and animated tangled mass of vesicles, tubular forms, and globules which 
are all filled with rapidly moving particles, are visible. It is almost impossible to 
distinguish between the latex serum and the benzene. Figure 3 conveys a slight 
impression of this phenomenon. 

Another location is represented in Fig. 4 in somewhat higher magnification, and 
shows distinctly some of the tubular forms. 

The membranes or boundary layers observed earlier show very plainly in these 
preparations, where they are magnified perhaps one-hundred fold. When these 
preparations are carefully pressed, the animated forms are displaced without break- 
ing. Figure 5 shows the membranes particularly well. 

Swelling in latex therefore consists of a dispersion of benzene in serum and of 
serum in benzene. Swollen latex has a structure similar to that of soap jellies. If 
the swollen preparations are observed for a longer time, it is seen that the Brownian 
movement gradually ceases. Thin films, formed from the latex drops, gradually 
run together and coalesce. In this way a rubber film is formed. 

There is still much left unsaid about the serum of latex from which the rubber 
has been removed. However, certain preliminary statements may be made. A 
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filtered serum can disperse all kinds of substances relatively easily. For example, 
benzene can be so finely dispersed in it that a stable emulsion is obtained. Further- 
more serum contains still larger quantities of a substance which can 
be coagulated by acids, and which is unquestionably not rubber. Its surface 
tension is about five times as great as that of water. Hauser‘ has already observed 
a similar phenomenon. That the serum is an excellent nutrient medium for bacteria 
is readily understandable. 
Further experiments will be reported in detail later. 
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The Vulcanization Process and the 
Reinforcement of Rubber 


D. F. Twiss 


In 1923 in a paper dealing with the improvement of the mechanical qualities of 
rubber by the incorporation of fine insoluble powders, particularly carbon black, 
the writer referred to the greater effect which might be possible if the reinforcing 
agents could be formed in situ in the rubber; the degree of dispersion of a precipitate 
produced in such a colloidal medium should be extremely fine (Inst. Rubber Ind. 
Year Book, 1923, 311; India-Rubber J., 65, 607 (1923); Trans. Inst. Rubber Ind. 
5, 412 (1930)). He further added that even the effect of vulcanization itself for the 
production of soft rubber articles might be due to production of a compound of 
sulfur and rubber'in an exceedingly finely dispersed condition throughout the rubber 
mass. 

In one of several theories of vulcanization which he propounded, Bysov (India- 
Rubber J., 70, 859 (1925), suggested that the effect of vulcanization was due merely 
to the formation of a colloidally fine dispersion of sulfur in the rubber without any 
chemical action. Dannenberg (Kautschuk, 3, 104, 128 (1927)) and Scholz (Ibid., 
101 and 127) have expressed a similar view. This, however, is seriously con- 
tradictory to the simple experimental facts. 

About the same time, the writer (J. Soc. Chem. Ind., 44, 106T (1925); see also 
Trans. Inst. Rubber Ind., 3, 395 (1928)) directed attention to striking resemblances 
between unvulcanized rubber reinforced with carbon black and vulcanized rubber, 
particularly in their resistance to normal rubber solvents such as benzene. 

This observation, together with others, was used to support his suggestion that 
the effect of vulcanization by sulfur to yield soft rubber products resulted at least in 
part by the formation of a compound of sulfur with part of the rubber in a state of 
colloidal dispersion in the remaining rubber, which served as the dispersion medium. 
By this conception it was possible to explain many features of the vulcanization 
process. Further experimental evidence in accordance with this suggestion was 
later adduced by H. P. and W. H. Stevens (J. Soc. Chem. Ind., 47, 37T (1928)), 
the latter of whom presented a review of the position (Jbid., 48, 60T (1929)). 

It is important to keep in mind the factors which would contribute to the desired 
end. For ideal reinforcement of rubber by a substance formed in situ, several fea- 
tures will be necessary: (1) the substance formed must be as nearly insoluble in the 
rubber as possible; (2) the substance must form in as fine a state of colloidal 
dispersion as possible; (3) the surface condition of the substance relative to the 
rubber must be satisfactory; (4) the rate of formation of the insoluble substance 
must be as rapid as possible; (5) the formation must occur in the rubber phase 
itself; (6) the reagents for the formation of the insoluble substance must them- 
selves be soluble in rubber; (7) the dispersed substance must be in a physically 
stable condition. 

Certain of these conditions are to some degree interdependent, e. g., a reaction 
in the colloidal rubber medium as specified in (4) if it yields an insoluble product will 
be expected normally to give this in the form of an almost colloidal suspension, as 
specified in (2). 





483 


Vulcanization of rubber to the soft stage by means of sulfur appears to satisfy all 
the above conditions. 

The formation of compounding ingredients such as barium sulfate in latex by 
precipitation therein has already been described (K. D. P., Ltd., British Patent 
262,487 (1925)). One of the shortcomings in this procedure is that the chemical 
reaction occurs in the aqueous medium of the latex, and the precipitated particles 
only later find their way into the rubber. The reinforcing effect can be better than 
that obtained by incorporating dry barium sulfate powder on the rolls, but is not 
equal to that of carbon black introduced in the ordinary way. The method fails to 
satisfy conditions (5) and (6) above, and probably also (3). 

The formation of zine sulfide in rubber from zinc oleate or zine oxide and sulfur 
has been examined by Martin and Davey (J. Soc. Chem. Ind., 45, 174T, 175T (1926)) 
likewise with negative results as far as concerns reinforcing effect. Conditions (4) 
and (6) may here be unsatisfied. 

A slight degree of reinforcing effect has been noted by Reece (Trans. Inst. Rubber 
Ind., 4, 527 (1929)) to arise from the interaction of litharge and pine tar in rubber. 

The writer has at different times submitted several possible “precipitation” reac- 
tions to trial. Oxamide appeared of promise in this connection as a possible com- 
pounding ingredient; it is insoluble in rubber and can be formed from ethyl oxalate 
and ammonia gas, both of which are soluble in rubber. No sign of satisfactory 
reinforcement was obtained, however, either by the action of ammonia gas on rub- 
ber containing ethyl oxalate or by the action of ammonia gas on a solution of 
rubber to which ethyl oxalate had been added. The reasons for this negative result 
may possibly reside in failure to satisfy conditions (2) and (3). Similar disappoint- 
ment attended attempts to effect the reinforcement of rubber by the decomposition 
of ethyl silicate (silicon ester) previously introduced; failure to meet condition (6) 
may here have constituted one of the obstacles, even when the water necessary 
for the decomposition into hydrated silica was first mixed with alcohol. 

It is well known that chlorine and acetylene and certain other hydrocarbons can 
react, with formation of amorphous carbon. Among others, experiments were 
therefore made to form carbon by passing chlorine gas into a rubber solution con- 
taining dissolved acetylene; the formation of carbon, however, apparently oc- 
curred only in the gaseous phase. Similarly disappointing results were obtained 
when chlorine was generated in situ by a chemical reaction, e. g., using a hypo- 
chlorite. Condition (5) is here an obstacle. 

These observations are of additional interest because preliminary announcements 
of papers read at a recent U. S. A. Rubber Congress include reference to experi- 
ments by Midgley, Henne, and Shepard (see Rubber Age (N. Y.), 33, 254 (1933)), in 
which degraded ‘‘sol” rubber was treated with Grignard reagents (organo-mag- 
nesium halides) and also with organo-zinc compounds, with results simulating 
those of under-vulcanization. In this case however the effect disappeared on 
treatment with water. Such effect as is gained here appears to be caused by the 
unstable reaction product of the organo-metallic compound with oxidized rubber 
present, the unstable product by its fine dispersion in the mass of rubber leading 
temporarily to the physical change observed. 

These facts render it desirable to record some interesting results obtained with 
other organo-metallic compounds, e. g., nickel carbonyl, during the last few years, 
in which evidence of an irreversible type of “vulcanization” has been observed (cf. 
British Patent 360,599 (1930)). These experiments included both dry masticated 
rubber mixings and rubber solutions within their ambit, and most of the above- 
specified conditions appear to be fulfilled to a greater or less extent. For these and 
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other experiments I must make acknowledgment of the assistance of my colleagues, 
especially F. A. Jones and A. E. T. Neale. 

Experiment A.—The addition of 25 ce. of nickel carbonyl to 100 cc. of a 5 per cent 
solution of crepe rubber in benzene caused separation of a clot, which redissolved 
on shaking. After several hours in a closed container the solution had darkened 
slightly, and in 20 hours it had set to a jelly. The effect resembled that obtainable 
with sulfur chloride, but was slower. In this experiment the nature of the nickel 
compound produced and responsible for the gelation is uncertain; presumably it is 
a nickel oxide or hydroxide, formed with the aid of oxygen dissolved from the air. 

Experiment B.—The introduction of a little sulfur into a freshly prepared mix- 
ture of rubber solution and nickel carbonyl, obtained as in A, caused immediate 
darkening, so that in a few minutes the mixture had become black. The rubber 
product after drying was strong and tough and was insoluble in fresh benzene, be- 
having like lightly vulcanized rubber. 

Experiment C.—The reaction in Experiment B was greatly accelerated by adding 
the sulfur in solution in carbon disulfide; this solvent in the absence of free sulfur 
was practically inert to a mixture such as that used in Experiment A. When 100 
cc. of a 5 per cent solution of rubber in benzene was mixed with 25 cc. of nickel 
carbonyl and a solution of 4 g. of sulfur in approximately 10 g. of carbon disulfide 
was subsequently added, the mixture remained quiescent for about 20 minutes and 
then a sudden evolution of gas, doubtless carbon monoxide, occurred; the solution 
concurrently underwent gelation. The gelled material when dry yielded a tough 
black rubber mass with the behavior of soft vulcanized rubber toward swelling in 
solvents, and of highly reinforced raw rubber toward milling. 

Experiment D.—A strip of unvulcanized mixture of rubber and sulfur (90:10) 
when immersed in a 50 per cent solution of nickel carbonyl in benzene, gradually 
darkened and assumed the physical character of soft vulcanized rubber, e. g., to- 
ward rubber solvents. 

Experiment E.—In view of the results above, which demonstrated a distinct 
vulcanizing action on the part of nickel carbonyl, more particularly in the addi- 
tional presence of sulfur, it was an obvious step to attempt the further “vulcaniza- 
tion’’ of rubber, already lightly sulfur-vulcanized, by means of nickel carbonyl and 
the residual free sulfur. The attempts were successful. Lightly vulcanized rubber 
samples, containing uncombined sulfur, could be given an effect equivalent to 
further vulcanization by immersion in a 50 per cent solution of nickel carbonyl in 
benzene. 

Additional experiments (for some of which acknowledgment must be made of the 
kind assistance of the Mond Nickel Co.) have shown that nickel carbonyl is more 
effective in benzene solution than in'the pure form either liquid or vapor. For 
example, slabs (4-mm. thick) of a rubber sulfur (100:10) mixture which had been 
vulcanized to a coefficient of approximately 2, after immersion in a 40 per cent 
solution of nickel carbonyl in benzene at the ordinary temperature for 1 hour and 
then being dried, showed the following alteration in extensibility and modulus. 


Elongation Elongation 
Tensile at 0. a 
Strength Kg. per Sq. Mm. Break 
Original partly vulcanized mixture 1.1 810 950 
After 1 hour’s treatment LA 595 700 


Prolongation of the treatment caused practically no further alteration. The 
observed increased resistance to extension would be equivalent, in vulcanization 
by sulfur, to an increase of approximately 2 in the coefficient of vulcanization, 7. e., 
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from the initial value 2 to a condition equivalent to a value of 4. Exactly similar 
treatment of the rubber-sulfur mixing without any preliminary vulcanization gave 
a very lightly “vulcanized” product, to match the physical characters of which by 
sulfur-vulcanization would have necessitated approximately 40 minutes at 125° C. 

From the above cited examples, it is clear that the action of nickel carbonyl, 
particularly in the presence of free sulfur, leads to a type of vulcanization. The 
effect appears to be due to the formation of a nickel compound (in Experiments B 
to E, nickel sulfide) in a fine state of dispersion in the rubber. It is somewhat un- 
fortunate that the nickel sulfide formation so far has given the best results, be- 
cause the question will naturally be asked whether the effect may not have been 
produced in part by chemical action of the sulfur on the rubber, induced by the 
reaction between the nickel carbonyl and some of the sulfur. In other words, a 
doubt may arise as to whether the nickel carbony] in effect also acts in part as an 
extreme ultra-accelerator of sulfur-vulcanization. The observations so far are in 
less accord with this explanation than with the view that the results arise from the 
effect of the colloidally dispersed nickel sulfide. Further evidence is being sought 
by way of chemical analysis. 

Experiment F.—Lead tetraethyl which, like nickel carbonyl, is soluble in rubber 
solvents and in rubber, can similarly be applied to the formation of precipitates in a 
rubber medium, with results simulating vulcanization. The evidence however in 
this case is less direct. Commercial lead tetraethyl (approximately 50 per cent 
purity) is capable of reacting easily with halogens, e. g., (a) with a 20 per cent 
(vol.) solution of bromine or (b) with a 10 per cent (vol.) solution of sulfur chloride 
in benzene. 

If the reactions on 10 volumes of commercial lead tetraethyl are effected in a 
solvent containing also rubber, e. g., in 50 volumes of a 10 per cent solution of 
rubber in benzene by addition of 24 volumes of (a) or of 10 volumes of (6), the 
rubber is rendered insoluble and undergoes gelation. The degree of firmness of the 
gel obtained, and its speed of formation, are greater than when the rubber solution 
is treated with the solution of bromine or sulfur chloride alone. The formation of 
the finely dispersed lead compound in the rubber consequently is accompanied by a 
fuller degree of ‘“‘vulcanization’”’ than the action of bromine or sulfur chloride alone. 

Conclusions.—The results above generally support the view that vulcanization 
and reinforcement are akin, and that in due time other convenient reactions than 
those produced by sulfur and selenium (or sulfur chloride), with rubber as the 
medium, will be available for both purposes. Furthermore, in that it indicates 
directions for future research, the “dispersion theory” of vulcanization still clearly 
justifies its existence. 





[Reprinted from the Transactions #, the Institution of the Rubber Industry, Vol. 9, No. 4, page: 
247-259, December, 1933. ] 


The Use of Rubber in Paint 
Vehicles 


H. P. Stevens and Noel Heaton 


The fact that raw rubber swells and eventually dissolves with stirring in a number 
of solvents to yield a viscous, sticky solution naturally led to attempts to utilize 
this material for the preparation of paints and for the manufacture of adhesive and 
calking compounds like marine glue. It must be remembered that the raw rubber 
of the early days was not usually Hevea, but of lower grade containing much resin, 
and perished or deteriorated hydrocarbon, so that the product in a solvent was more 
sticky and less viscous than that which we should have in mind today. But 
whatever the grade, the viscosity of rubber solutions is a disadvantage, and has 
proved the main obstacle to the utilization of rubber in paints today. Apart from 
this drawback, quite a number of those technologists who experimented with rubber 
in paints were too optimistic as to the improvement likely to result. 

To many the word rubber sums up a material of “elastic” properties, and having 
great resistance to penetration by moisture and aqueous reagents generally, all 
desirable properties for a paint film; hence a proportion of rubber might be expected 
to impart added elasticity and impermeability. Such, however, is not the case. 
Complete incorporation of rubber to produce a homogeneous film is necessary to 
provide increased elasticity, while on the other hand rubber is not water-resistant 
unless vulcanized, and as vulcanization renders the rubber insoluble it cannot be 
used in thisform. The prevalent idea that if a film of raw rubber were applied to a 
surface in the same manner as paint it should yield a moisture-proof coating is en- 
tirely erroneous, that is, using the word paint in the ordinary sense. It is possible 
to utilize rubber in this manner by compounding a solution of latex and applying 
the mixture to the surface to be coated, subsequently heating sufficiently to vul- 
canize, preferably to the ebonite state. By such means a water-resisting layer is 
obtained, but the process is only adaptable in special circumstances, and the 
materials are not of the class of paint which is now being considered. 

Nevertheless, the literature shows that during the last few years many investiga- 
tions have been made with rubber as a paint component, and rubber paints have 
actually been marketed. Obviously the amount of rubber in such paints must have 
been very small, or the viscosity of the paint would have interfered with its applica- 
tion. 

Much of the work with rubber seems to have had as its object the manufacture of 
cellulose compositions, the main difficulty being to find a common solvent for the 
cellulose ester and the rubber. Claims for success have been made, but here again 
the proportion of rubber must be small, and the proposals to use colloid mills would 
indicate that in some cases the rubber is probably present as a fine suspension or 
coarse colloidal dispersion rather than a sol. Rubber latex is also mentioned for 
use with dispersions of water-insoluble cellulose derivatives (British Patent 330,897 
(1929)). These references to cellulose type composition will suffice, as the subject- 
matter will be confined mainly to the ordinary paints used for house decoration and 
similar purposes. 

Of the compositions proposed, some appear to be little more than rubber solutions 
containing pigments; in others. rubber in benzene solution is added to a mixture 
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such as would be used in ordinary paint manufacture. In such cases, as already 
explained, the amount of rubber used must be relatively small, though it is credited 
with considerable modification in the properties of the film. Products containing 
rubber are said to possess increased gloss, adhesion, flexibility, resistance to mois- 
ture, improved flow and appearance, increased elasticity and resistance to weather- 
ing, or in another case greater resistance to salt water. In one or two instances it 
is stated that the raw rubber may be replaced by balata or gutta as if all three sub- 
stances: were of similar properties. In another case the difficulty of the consider- 
able increase of viscosity is obviated by first melting the rubber or raising the 
temperature of the mixed rubber and other ingredients to a degree at which the 
rubber is ‘“depolymerized,”’ or according to Staudinger “‘cyclized.” More will be 
said on the matter of molten rubber at a later stage, but it is interesting to note that 
the proposed use of rubber so treated in paints dates back at least to 1922 (U. S. 
Patent 1,447,208 (1922)). 

In one or two instances vulcanized rubber is proposed, but as this is insoluble in 
solvents special heat treatment is necessary; thus Plauson (British Patent, 393,575, 
(1931)) first vuleanizes the rubber solution under pressure at 125° C., and then 
heats for a further period at 180° C. under still higher pressure. Or again (British 
Patent 243,966 (1925)) heats with a large proportion of sulfur, so that at least 15 
per cent is combined. Consequently the rubber is converted into the soluble 
equivalent of vulcanite. 

Rubber can be vulcanized in solution (British Patent 164,770 (1919)) or vul- 
canized rubber can be dissolved by sufficiently prolonged heating with solvents at 
relatively high temperatures, but it is obvious that such drastic treatment brings 
about fundamental changes in at least a part of the rubber, and the dry product 
does not behave like a film of properly vulcanized rubber, or soon hardens and loses 
its elasticity. Nevertheless the matter is one well worthy of further investigation, 
and this is at present in hand. 

Rubber latex is a tempting product for the water-paint manufacturer, and at first 
sight it would seem an ideal method of incorporating rubber with other ingredients, 
as the viscosity factor has not to be taken into consideration. Nevertheless refer- 
ences to its use for this purpose are scarce and show little foresight or novelty. 
Only one or two patents have been discovered. British Patent 244,150 (1924) 
covers the preparation of waterproof paint from latex, a soluble caseinate and pig- 
ments. Obviously the caseinate is nothing more than a special case of a protective 
colloid, although experience shows that it is one of the best and well suited for this 
purpose. British Patent 245,540 (1924) covers the use of latex with any readily 
prepared commercial distemper. This seems a rather arbitrary procedure, as it is 
unlikely that commercial water-paint always contains the most suitable ingredients 
for compounding with latex. Another specification (British Patent 330,897 (1929)) 
deals with a cellulose product. It has been recently stated that methyl cellulose 
can be dissolved in water, and mixed with latex to yield an oil-proof film. 

There are difficulties in compounding latex water-paints, owing to the instability 
of the latex in the presence of other components. Mixtures which may appear at 
first to be stable tend gradually to thicken and eventually gel. There is also a 
difficulty in applying the paint with a brush, as the components tend to solidify 
at the tips of the hairs. Presumably the rubber latex is coagulated by the friction 
of the hair tips on the wall surface. For this reason particularly stable mixtures are 
required, and cost limits the choice of many stabilizers or protective colloids or 
restricts the amounts in which it is practicable to use them. Briefly, little evidence 
was found that rubber had been successfully used in the manufacture of oil or water- 
paints in spite of a considerable amount of publicity, and that the expected advan- 
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tages did not accrue, because the viscosity of a rubber sol precluded the use of more 
than a very small amount in paints, and because raw rubber has not the water- 
resisting qualities which are frequently but erroneously attributed to it. It seemed, 
therefore, useless to make further experiments on the lines of incorporating the raw 
rubber, whether milled or not, in paint mixtures. It appeared obvious that, if 
rubber was to be utilized, it must be so modified physically as to reduce the viscosity 
of its sol to that of a suitable oil or other common paint ingredient. This implies 
more drastic treatment than mastication, in fact it appears to necessitate a chemical 
reaction. The patent literature reveals some recognition of this conclusion. Thus 
a patent (U. 8S. Patent 1,721,930 (1925)) describes a rubber in a volatile solvent 
which is agitated with oxygen until the viscosity drops. Also in several specifica- 
tions, the use of molten or heated rubber has been postulated with a similar object 
in view. In both cases the rubber has undergone profound chemical changes, and 
the properties of a film of either product must differ substantially from one of raw 
rubber. It is as well to realize that this is an indispensable condition for the utiliza- 
tion of rubber in ordinary paints. 

The problem, therefore, was to determine the best means of reducing the viscosity 
of a rubber sol, with the retention, as far as possible, of the advantages which rubber 
might confer on paints, or, to produce commercial paints with improved properties 
as a result of the presence of rubber. There are a large number of chemical deriva- 
tives of rubber, such as chlorinated rubber, and others less known, which will no 
doubt in time find a useful place in the arts, in paint manufacture, or for other pur- 
poses, but it was not our intention to make such entirely new products by drastic 
chemical action. It was sought to modify the rubber by as mild reagents as could 
be found, and success has been attained by means of catalysts acting in the cold, and 
without utilizing intensive aeration or agitation with oxygen, as for instance in the 
U. S. Patent mentioned above. 

To give some indication of the effect of various catalysts, the following pre- 
liminary table shows the time taken for a bubble of air to pass through a 6-inch tube 
of 12.5 per cent milled rubber solution, with additions of 0.5 per cent of catalyst, 
after standing 2 days: 


Seconds 


Lead linoleate 

Trichloroacetic acid 

Canary litharge 

Benzoyl peroxide 

Dinitrobenzene 

Sugar of lead 

Iodine 

Control (rubber without catalyst) 


This shows that lead linoleate is far more effective than any other substance in the 
above series. 

It is well known that minute amounts of copper, manganese, chromium, and 
vanadium salts, possibly also iron salts, act as catalysts and bring about profound 
changes in the physical properties.of rubber. Of the above, copper is probably the 
most active. The rubber becomes soft and sticky, and eventually semi or wholly 
liquid. Oxygen is absorbed, but the amount taken up is small, and the change goes 
on in the interior of pieces of rubber as well as on the exposed surface. Conse- 
quently copper salts seemed promising as catalysts, and naturally an organic salt 
such as the stearate or oleate would be appropriate. It was found indeed that the 
viscosity of a rubber solution could be reduced by this means by merely setting aside 
in closed vessels without aeration. Further experiments showed that a number of 
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other metallic salts had a similar effect, and of these cobalt is more effective than 
copper. Manganese is not far removed from copper, while lead is less effective. 

The following determinations were made at 25° C., using an efflux type of 
viscometer. 


Viscosity in Centipoises 
after Standing: 

1 Day 1 Week 1 Month 

10 per.cent milled crepe in white spirit 
+ 1 per cent cobalt linoleate 540 125 125 
1 per cent manganese linoleate 1210 490 174 
1 per cent copper linoleate 1560 940 366 
1 per cent lead linoleate 1865 1450 1400 
1 per cent zinc linoleate 2700 2220 1430 
1 per cent iron linoleate 3260 2420 1730 
Control (10 per cent milled crepe in white spirit) 7040 6180 6080 


+ 
oa 
+ 
-f- 
+ 


A number of organic salts of these metals are available as paint driers, par- 
ticularly cobalt; manganese, and lead. Moreover, their efficiency as paint driers is 
of the same order as that of the reduction in viscosity of rubber solutions. The 
efficiency is due to the metal, as the effect of the pure fatty acids on the viscosity 
of the rubber solution is only slight; apparently they act merely as mechanical 
softeners. The metallic oxides were also tried as viscosity reducers, but the reduc- 
tion effected was very small in comparison with the linoleates, no doubt due to the 
lack of solubility. The metallic salts of other fatty acids have a similar action in 
reducing the viscosity of rubber, but experiment shows that the linoleates are the 
most efficient. These paint driers subsequently bring about further oxidation and 
hardening of the rubber film. It would seem, therefore, that the catalytic action 
which these salts, particularly the linoleates, have on drying oils is of the same 
nature as that on rubber. Although it is possible to produce a paint film from a 
rubber solution, driers and pigments, without addition of oil, and such a film pre- 
sents some advantages over an oil film, it is more expensive and does not possess 
the weathering properties of an oil film. But by combining the two, very definite 
advantages are obtained. . 

In the preparation of the rubber solution which is to be used in conjunction with 
the linseed or other drying oils for the preparation of a paint, the usual paint 
driers, such as the linoleates or resinates of cobalt, manganese, and lead may be 
used. There is no need to use such large proportions of catalysts as given in the 
first table. The following figures give the effect of 0.2 per cent of the above three 
linoleates on a 10 per cent well-milled crepe solution: 


Viscosity in Centipoises on Standing: 
Day 1 Week 1 Month 


Cobalt linoleate 3040 825 5 
Manganese linoleate 3950 1080 42 
Lead linoleate 3220 3010 2820 


As may be seen from the foregoing tables, cobalt linoleate is the most efficient 
reducer, the best proportion being 2.5 per cent of cobalt linoleate on the rubber. 
For some purposes, ¢. g., where an appreciable quantity of thinners is an advantage, 
lead linoleate is found to be most suitable. In this case 10 per cent on the rubber 
gives the desired results. 

The driers may be added to the rubber on the mill during the milling of the 
rubber, or can be added to the solvent where it is well incorporated during the 
mixing of the solution. A horizontal pug mill or similar type of mixer has been 
found very satisfactory for the preparation of the modified rubber solutions, the 
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most suitable concentration of solution to make up for a base or stock solution being 
20 per cent rubber when lead linoleate is used, and 50 per cent rubber in the case of 
cobalt linoleate. This is a clear indication of the novel character of these solutions, 
for even a 20 per cent solution of rubber would ordinarily be a stiff gel. 

If even a small proportion of rubber modified in this way is included in a paint 
formula, it materially alters the constitution of the finished paint, effecting a more 
complete wetting of the pigments by the vehicle. 

This effect is particularly valuable in the case of flat paints. In order to 
produce a flat or matt surface on drying, it is necessary to have a high proportion 
of pigment and to keep the non-volatile components of the vehicle low in proportion 
to the volatile thinners. The wetting of the pigments by the oil is therefore re- 
duced to a minimum, and in consequence flat paints prepared in the ordinary way 
either with linseed oil, thinned with a large proportion of thinner, or with a short-oil 
varnish, such as gold size, thinned in the same way, are not entirely satisfactory. 

The paint has little flowing property, and when applied to the surface the par- 
ticles of pigment remain just as they leave the brush, with the result that the film 
dries in minute ridges, showing every mark of the brush. The pigments also have a 
pronounced tendency to settle to the bottom in a gummy mass if the paint is 
stored for any length of time, and it is often necessary to expend considerable 
labor in stirring the paint to bring it back to its original condition before application. 

The incorporation of a small proportion of treated rubber in such paints effects a 
marked improvement in both these directions. The paints retain their original 
condition for a long period, and on application they flow out after leaving the brush 
to a smooth level surface, eliminating all traces of the brush marks and drying to a 
dead flat surface. 

At first sight it would seem that the introduction of rubber in this way must in- 
crease the cost of the paint, but the cost of the rubber must not be compared with 
that of the untreated oils, but with the prepared vehicles, the cost of which are of 
the same order as rubber. Should, however, the latter show exceptional increase in 
price, a smaller proportion of rubber could be used, and the advantage it confirms re- 
tained in great measure. 

The application of this principle to the various types of paints may now be dis- 
cussed. 

Flat Paints.—F lat paints as is well known are used either as a finishing coat where 
a matt surface is required, or as an undercoat for a gloss paint, and it is now gener- 
ally accepted that the production of a good gloss finish is largely dependent on the 
quality of the undercoat. The drawbacks of the usual flat paint are the lack of 
flow—the brush marks giving the finish a “liney”’ or striated appearance, as already 
stated—and the settling out of the pigments when the tins of paint are allowed to 
stand for any length of time. 

It has already been indicated that the addition of a proportion of rubber, modified 
as described above, materially improves the quality of flat paints in both these re- 
spects. This was demonstrated by taking a well known proprietary brand of flat 
paint of recognized good quality, and adding to it a small proportion of prepared 
rubber, when a remarkable improvement in the resulting film was found. 

It is not, however, the most efficient method of incorporating the rubber to add it 
to the previously prepared paint. The rubber acts as a dispersing agent, and it was 
found that the greatest efficiency was obtained by milling the dry pigment with the 
rubber solution and the oil, and finally thinning to normal paint consistency with 
volatile thinner. 

Formulas have been worked out on these lines, replacing part of the oil content by 
rubber in various recognized formulas for flat paints, such as linseed oil thinned with 
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white spirit, gold size and turpentine, and so forth. As the result of these experi- 
ments, a combination of rubber and stand oil was selected as giving the most promis- 
ing results. The following is a typical formula: 


Parts by Weight 


Pigment 100-150 
Milled crepe rubber 10 
Lead linoleate 1 
Stand oil 10 
Volatile thinner 90-100 


The proportions of pigment and thinner will vary with the type of pigment used, 
a heavy pigment such as white lead requiring less oil than one of low specific gravity 
such as titanium white. 

A series of flat white paints was prepared on this principle from different mixtures 
of pigments for practical tests, together with a control in which the rubber was 
omitted from the formula. On application they all brushed out freely and dried to 
a perfectly smooth, flat finish, whereas the control showed the typical brush marks 
of a flat paint. They were then left standing undisturbed and examined at inter- 
vals. All remained in good condition for many weeks, and with one or two excep- 
tions they were still in good workable condition after standing undisturbed for over a 
year. A specimen of this paint was made up and submitted for criticism to a recog- 
nized expert in painting, who reported on it as follows: 

“Very satisfactory from all points of view. The best flat he has used, especially 
remarkable for its excellent flowing and leveling properties, being far superior to any 
proprietary brands in this respect.” 

Practical trials made by other decorators on actual work have confirmed this 
opinion. 

It is possible to prepare a flat paint with the modified rubber solution alone, 
but though this has excellent flowing properties, it lacks adhesion, and the combina- 
tion of rubber and oil is far more satisfactory. 

A rubber solution containing cobalt linoleate can also be used. Any of the 
usual pigments and fillers can be incorporated. Among those which have been 
tried are lithopone, zine oxide, titanium white, white lead, antimony oxide, Paris 
white, china clay, barytes, red ochre, yellow ochre, burnt umber, chrome yellow, 
emerald green, Brunswick green, Prussian blue, ultramarine, and bronze and 
aluminum powders. 

Ready-Mixed Gloss Paints.—The ordinary type of ready-mixed paint prepared 
by grinding the pigments in refined linseed oil, or a combination of this and boiled 
oil, and thinning with a relatively small proportion of turpentine, does not flow 
sufficiently to eliminate brush marks, and the dried film, though possessing a fair 
gloss, has a striated surface. The addition of a proportion of rubber has the same 
effect here as in the case of the flat paints, improving the flow and eliminating the 
brush marks, with the result that the gloss is also enhanced. 

The addition of rubber to various proprietary brands of gloss paint showed that a 
proportion in the order of 4 per cent is sufficient to eliminate brush marks and 
produce almost an enamel gloss. 

It is preferable to incorporate the rubber with the pigments in the preparation of 
the paint, following the procedure described under flat paints. But in this case, 
the use of a rubber solution containing lead linoleate is unsatisfactory, and it is 
preferable to use cobalt linoleate as the catalyst. 

The proportion of rubber to oil may range from 15 to 30 per cent. 

The following are typical examples of formulation: 


A, Parts by Weight 
Zine oxide 100 
Pale boiled oil 55 
Rubber solution 22 
Terebene 2 
White spirit 11 

B, Parts by Weight 
Lithopone 
Pale boiled oil 
Refined linseed oil 
Rubber solution 
White spirit 


The rubber solution in each case is a 50 per cent solution of milled crepe rubber in 
white spirit, with the addition of 2.5 per cent of cobalt linoleate. 

As an illustration of this effect of replacing a portion of the oil in a gloss paint with 
rubber, a specimen was exhibited which had been painted in two sections with a red 
paint, made as follows: 


A B 

Parts by Weight 
Venetian red 100 100 
Milled crepe (+2.5 per cent cobalt linoleate) : 6.5 
Refined linseed oil 22 22 
Boiled oil 6 9.5 
Terebene 2 2 
White spirit a 9 


Although section B contained a materially higher proportion of volatile thinner, 


it had much better gloss, and was free from brush marks. 

As such paints are used as finishing coats, it was important to ascertain whether 
the addition of rubber affected the durability in any way. Tests have been carried 
out in the usual manner by exposing panels to natural weathering and also to ac- 
celerated weathering by means of the weatherometer apparatus. These clearly 
indicate that while no improvement in durability can be claimed for paints made 
with rubber, the addition of rubber to an oil gloss paint certainly does not in any 
way impair its resistance to decay. 

Enamels.—The addition of rubber to ready-mixed paint as described above brings 
ordinary gloss oil-paint nearer to an enamel appearance, giving a perfect flow and 
thereby enhancing the gloss. The addition of rubber to enamels does not give such 
marked advantage, as owing to the low pigmentation and the use of highly polym- 
erized oils, the flowing properties of enamels are, in general, excellent. Various 
forms of modified rubber have, however, been tried to replace the resins which are 
at present used in the manufacture of enamel. 

Of these some attention has been given to molten rubber. This substance has 
been investigated by Staudinger. It consists of varying proportions of a new prod- 
uct which has lost a great part of the additive power of the original rubber, and is 
believed by Staudinger to be a cyclized rubber in conjunction with simpler decom- 
position products of rubber, such as dipentene. These can be removed by vacuum 
distillation, leaving the cyclized rubber if such it is, in the form of a resin-like mass. 
For many industrial purposes there would appear to be no advantage in removing 
the volatile components which act as solvents for the cyclized or condensed rubber. 

The molten rubber is prepared by heating raw rubber at a temperature of up to 
300° C. until it is liquefied. Linseed oil and driers can be incorporated in the raw 
rubber, and the whole heated in the usual manner of preparing standard varnishes, 
and then thinners added to obtain the usual consistency for varnish. 
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Molten rubber alone will not dry, and when sufficient driers are added to give 
the requisite drying properties, the film formed contracts on exposure, causing 
severe cracking. ‘To correct this the addition of oil is necessary. 

Various attempts have been made in the East to use molten rubber as a paint, but 
with little success, owing to this cracking and splitting of the film. A much im- 
proved product is obtained by diluting the molten rubber with a thinner or solvent, 
such as white spirit, and adding a catalyst, such as cobalt linoleate. But even this 
paint cracks too readily on exposure to the weather to be of value in competition 
with good oil paint. Nevertheless this cracking is no worse, if as bad, as that shown 
by the ordinary bituminous paints so largely used. It may, therefore, be found that 
a molten rubber paint, suitably thinned and with the addition of a catalyst, may be 
made in the East and used locally, particularly if a proportion of red iron oxide pig- 
ment be incorporated with the paint, as this gives some protection from the light. 

A good example is as follows: 


Molten rubber 

White spirit 

Terebene 

Cobalt terebene 

Red ochre (Venetian red) 


The exhibited piece of guttering treated with a red-oxide-molten rubber paint 
showed that the inner surface had remained intact, and that although a certain 
degree of cracking had taken place on the exposed (outer side) this was not serious. 

The defects of molten rubber as a paint vehicle may be obviated by using it in 
conjunction with oil. That is to say, the varnish is made up partly of molten rub- 


ber and partly of linseed oil. A paint containing these in the proportion of 50/50, 
and made by “cooking up” the ingredients in the presence of the drier, appears to 
have good aging properties, and to yield a film which does not readily crack. 

The following is a good example. 


Molten rubber varnish 140 = Molten rubber 35 
Linseed oil (+ driers) 35 
White spirit 70 

Terebene 5 

Red ochre (Venetian red) 100 


Molten rubber, unpurified, is too dark in color for some purposes, and if more than 
a small proportion is used, will spoil the color of white paints. 

Frosting Varnish—The addition of rubber solution to china wood oil gives a 
frosting varnish which will give the desired effect in a more regular manner than 
when china wood oil is used alone. 

The rubber solution used was that containing cobalt linoleate, and the following 
is an example of a frosting varnish. 


Rubber solution 20 = Milled crepe 10 
Cobalt linoleate 0.25 
White spirit 10 

China wood oil 10 

Terebene 1 

White spirit 10 


As explained, the effect of paint driers on a raw rubber sol is similar to that of 
other catalysts in reducing the viscosity of the sol, probably accompanied by a 
little oxidation and almost certainly other changes in the chemical constitution of 
the rubber. Of these catalysts cobalt linoleate is the most effective. It is also the 
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most powerful paint drier known, and is therefore particularly suited for the pur- 
pose. It is, however, possible to have too much of a good thing, and if care is not 
taken to adjust proportions, the paint drier, which must in any case be put in 
to dry the oil, will reduce the viscosity of the rubber too much, and the viscosity of 
the mixed paint or varnish continues to fall without apparent limit if given sufficient 
time. For thisreason patents have been taken out (U. 8. Patent 1,700,778 (1924) 
and British Patent 327,981 (1928)) to control the effect of the drier for the oil on the 
rubber added to the paint. The method comprises an addition of the usual anti- 
oxidants such as tannin, hydroquinone, and hydroxyamino compounds which are 
so much used as antiagers for rubber compositions. It is found, however, that the 
addition of these substances is unnecessary if the proportion of ingredients be rightly 
adjusted, and that the viscosity of a mixed paint can be maintained by such pre- 
cautions. 

Washable Distempers.—For the reason already given, the manufacture of water 
paints and distempers made from, or having addition of, rubber in latex form, has 
been the most frequently suggested method of using rubber in the paint industry. 
But many difficulties are met with in putting these suggestions into practice, the 
chief being, of course, the readiness with which the latex coagulates in contact with 
pigments and fillers during the necessary grinding to obtain thorough incorporation. 
Even when this difficulty has been overcome by the addition of a stabilizer, there is 
always trouble in the application of the distemper so prepared, owing to the bristles 
of the brush becoming rapidly clogged. 

A water paint which will brush out satisfactorily can readily be made with a mix- 
ture of casein and latex, but this is unsuitable owing to the tendency of the casein 
solution to harden up in the tin on standing. To obviate this, part of the casein is 
replaced by glue. Such a paint will wash down well, and show very little discolora- 
tion on aging. 

The following is a good example. 


Glue solution 25 
Casein solution 25 
Latex 30 
Lithopone 100 


Drying oils can, if desired, be incorporated with the above, and for some purposes 
are an advantage, but tend to discolor the paint more rapidly. 

Distempers can also be satisfactorily prepared by using a rubber solution (as 
used for the oil paints). The solution readily emulsifies with a glue solution, to 
which the pigments can be incorporated. 

The following is an example of this type of distemper. 


Glue solution 20 

Rubber solution 16 Milled crepe 8 
Cobalt linoleate 0.2 
White spirit 8 

Water 25 

Lithopone 100 


Summary and Conclusions.—The utilization of rubber in paints involves reduc- 
tion in the viscosity of a rubber solution which is otherwise far too viscous. This 
reduction can be effected by the ordinary paint driers, and by suitable compounding 
the desired reduction in viscosity and permanency at the reduced viscosity may be 
obtained. The paint driers also act as oxidation catalysts, causing the rubber film 
to dry and harden in the same manner as an oil film. Oil plants containing rubber 
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show greatly improved flow, and therefore rubber is of particular value as an in- 
gredient of flat paints, where the permitted amount of non-volatile binder is limited. 
They also help to prevent settling and caking when a ready-mixed paint is stored. 
Rubber may also be used after heating, which renders it fluid or semi-fluid, and in 
this condition possesses some useful propertics. 

Rubber can also be applied to the manufacture of frosting varnishes, and as latex 
as a component of water paints. The tendency to coagulate at the tips of the hairs 
of the brush can be overcome. Further work is proceeding. 

The authors desire to record the valuable services of J. G. Bearn and S. C. Stokes, 
who are responsible for the whole of the experimental work, and also to thank the 
Rubber Growers’ Association for permission to publish the results herein recorded. 





[Translated for Rubber Chemistry and Technology from Berichte der Deutschen Chemischen Gesell- 
schaft, Vol. 67, No. 2, pages 304-311, February 7, 1934.] 


Isoprene and Rubber 
Part 41'. The Hydrogenation of Rubber and Balata 


H. Staudinger and E. O. Leupold 


CHEMICAL LABORATORY OF THE UNIVERSITY OF FREIBURG/BR8SG., GERMANY 


Viscosity measurements of dilute solutions of rubber and of balata led to the 
following values for the size and form of the molecules of these hydrocarbons.” 


TABLE I 


No. of Length 
Chain of the 
(1.4%) Degree of Molecular Carbon Molecules 
Substance Found Polymerization Weight Atoms in 


Purified rubber, soluble in benzene 6.72 88000 5200 5800 
Purified rubber, soluble in ether 4.86 64000 4200 
Masticated rubber 1.57 20000 1350 
Balata 3.09 40000 2650 
Degraded balata 0.52 100 6800 450 


It is therefore not a question of definition*® whether the particle sizes shown above: 
are to be regarded as the molecular or the micellar weights of these substances, 
for here the concept of molecular weight has the same significance as in the case of 
lower molecular substances, 7. e., the molecule comprises the sum of all atoms com- 
bined by normal, 7. e., homopolar atoms.‘ The only difference between low and 
high molecular substances is that low molecular substances are composed of 
molecules of uniform size, whereas high molecular substances are a mixture of 
homologous polymers, so that the values above refer to average molecular weights. 
These results, which explain the nature of colloidal solutions of rubber,® are at vari- 
ance with the views of most investigators of colloids, who ascribe a micellar struc- 
ture to the rubber particles, and in this way explain the property which rubber has 
of forming colloidal solutions. This makes clear why until very recently explana- 
tions of the constitution of rubber have been open to question among these par- 
ticular investigators themselves. In order to lend further support to our opinion, 
the reduction of rubber and balata and low molecular homologous polymeric hydro- 
carbons was undertaken from certain points of view, as shown in the work which 
follows.® 

Squalene, which can be considered as a low member of the polyprene series,’ 
has in a 1.4 per cent benzene solution a specific viscosity of 0.032, which agrees with 
the value calculated by the viscosity law: 


Nsp (1-4%) = yn. 


Accordingly y has the value 1.3 X 10~* in benzene solution. Perhydrosqualene 
also shows this same viscosity (see Table II), which is another example of the fact 
that the specific viscosity of a solution depends only upon the length and number 
of molecules, and is independent of the chemical nature of these molecules. 
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TABLE II 


No. of 
Chain 
Formula Atoms Calculated Found in Benzene® 


Squalene CsoHs0 24 0.0312 0.032 
Perhydrosqualene CsoHee 24 0.0312 0.0315 


@ This is the average weight of several measurements. 


In the same way a hemi-colloidal hydrobalata in dilute solution also showed the 
same viscosity as hemi-colloidal balata from which it was prepared. Moreover 
in the case of this high polymeric substance, the specific viscosity of solutions of the 
saturated and unsaturated compounds is the same for like concentrations and for 
the same length of chain.® This conclusion was reached earlier from the fact that 
polypranes and polyprenes had the same Km constants.'° 

Pure balata which had not been degraded and eucolloidal rubber were likewise 
reduced catalytically at the lowest possible temperatures and thus converted into 
hydro products. In this way completely hydrogenated polypranes of the com- 
position [C;Hio]x were obtained, as well as only partially hydrogenated products 
of the approximate composition [C;H9]x, as a result of incomplete reduction. By 
careful reduction, 7. e., under special experimental conditions which are described 
further on, it was possible to prepare hydro products which in solutions of like 
concentrations showed the same viscosity as did the products which had not been 
hydrogenated (see Table III). Accordingly the hydro products have the same 
length of chain as do the unhydrogenated products. Therefore careful reduction 


from polyprenes led to the formation of analogous polymeric polypranes. By 
analogous polymeric compounds"! is understood those compounds of equal chain 
length, 7. ¢., of the same degree of polymerization which differ only in the peculiar 


TABLE IIT 


Viscosiry MEASUREMENTS OF POLYPRENES AND ANALOGOUS POLYMERIC POLYPRANES 


Number 
re) Molecular 
Concen- Members’ Weight 
tration in the n 
in % Found (1.4%) Chain Equivalent 


Hemi-colloidal balata 0.85 0.315 0.52 400 6800 
Hemi-colloidal hydrobalata, reduced to 

100% 0.68 0.217 0.45 345 6000 

0.34 0.75 3.09 2400 40000 

Hydrobalata, reduced to 100% 0.35 0.767 3.07 2360 41000 
Rubber, Fraction I 0.136 0.472 4.86 3700 64000 
Hydrorubber, Fraction I, (a) reduced 

to about 50% 0.125 0.418 4.68 3600 63000 
Hydrorubber, Fraction I, (b) reduced 

to almost 100% 0.118 0.431 §.12 3900 69000 
Rubber, Fraction IT 0.136 0.610 6.28 4800 82000 
Hydrorubber, Fraction II, (a) reduced 

to about 50% 0.148 0.650 6.15 4700 82000 
Hydrorubber, Fraction II, (6) reduced 

to about 50% 0.18 0.760 5.92 4550 80000 
Rubber, Fraction III 0.136 0.653 6.72 5200 88000 
Hydrorubber, Fraction III, reduced 

to almost 100% 0.088 0.362 5.76 4450 
Base molecular weight 
Number of chain atoms 
68/4 = 17 for rubber 


70/4 = 17.5 for hydrorubber 





Equivalent = Chain equivalent weight 
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structure of the chain or side chain. Besides the specific viscosities of 1.4 per cent 
solutions, Table III shows the number of members in the chain of the reduced and 
unreduced products as calculated from the viscosities, and it also shows their mo- 
lecular weights. '* 

The reduction of polyprenes to analogous polymeric polypranes furnishes addi- 
tional proof of the view already held by us that the colloidal particles in dilute 
solutions of rubber and balata are the molecules themselves, for the reduction of 
these hydrocarbons proceeds in such a way that only the double bonds are satur- 
ated, without affecting the size of the colloidal particles. This is evidence that all 
the carbon atoms which form the colloidal particles are united by normal covalences 
so that the particles are molecules from the point of view of the classic theory. 
The reductions of squalene, hemicolloidal balata, balata and rubber are therefore 
represented by the following formulas: 


q CsoHso + 6H, —> CzoHe2 
Semicolloidal balata. . . [CsHs]100 a. 100H, —_ [CsHio Ji00 
[CsHs ]6o0 + 600H,. —> [CsHio Jeoo 
[CsHshis0o + 1300H, —> [CsHio hisoo 


Not only is the size of the rubber molecule determined by these experiments, 
but the latter also give a clue to the form of the molecule. A spiral form! has often 
been attributed to the rubber molecule in order to explain its elasticity, and fur- 
thermore, from purely theoretical considerations, Kuhn" assumed a coiled form for 
the fiber molecules. The reduction experiments on polyprenes described above can 
be understood only if the molecules of the polyprenes and of the polypranes have 
the same form in solution, that is, if they are therefore fiber molecules (rod mole- 


cules), because it is improbable that the coil or serpentine form! which was pre- : 


viously assumed for the molecules is the same for both a saturated and an un- 
saturated hydrocarbon. Differences in the nature of the coiling would, however, 
necessarily be manifest in differences in the viscosity of the solutions. Since, 
however, the molecules are comparable to rigid elastic fibers, reduction brings about 
no essential change in the length of the rods, and therefore the saturated and un- 
saturated hydrocarbons show the same specific viscosity’ for solutions of the same 
concentration. 


III. The Physical Properties of Eucolloidal Rubber and Hydrorubber 


The physical properties of hydrorubbers are the same as those of the analogous 
polymeric rubbers, not only in the solid state but also in solution. The solid, 
eucolloidal hydrorubber is a colorless very tough solid mass similar in appearance 
and elasticity to eucolloidal rubber.’ Hemi-colloidal rubber, like highly de- 
graded rubber, has a sirupy consistency and little elasticity. These observations on 
the dependence of the elasticity of rubbers and hydrorubbers upon their molecular 
weights are important because they disprove earlier concepts regarding the cause 
of the elasticity of rubber. As has been mentioned, certain authors had previously 
expressed the opinion that the elasticity of rubber must bear some relation to the 
double bonds in the molecule and to an assumed spiral form of the molecule. 

The original views about hydrorubber appeared to confirm this assumption, '* 
for the hydrorubber originally obtained was a highly viscous, tough mass, which no 
longer possessed the elastic properties of rubber. Later on it was proved that the 
latter conclusion was incorrect, since the hydrorubber originally obtained was a 
highly degraded hemi-colloidal product, and therefore was not an analogous poly- 
meric product.!® The elastic properties of rubber were not lost therefore as a 
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result of the saturation of the double bonds, but through degradation of the large 
molecules. The observation that the high molecular hydrorubber is approximately 
as elastic as is rubber, shows that the molecular size is an essential condition for 
elasticity, and that only very high molecular substances are elastic. Furthermore 
on the basis of other observations it was concluded” that the elasticity of high 
molecular substances is a very common property as was assumed previously, and 
that an extremely large number of high molecular substances are elastic,?! though 
of course only under definite conditions of temperature. 

Solutions of eucolloidal hydrorubber show the same physical properties as those 
of eucolloidal rubber; solutions of 1 to 2 per cent are soluble solutions, for the 
high viscosity of these solutions is a result solely of the length of the molecules 
and of their large sphere of action, and is not a result of the micellar structure of 
colloidal particles or of a strong solvation.22 According to earlier ideas, the micelles 
in a rubber solution should be formed by the combination of unsaturated base 
hydrocarbons of unknown size into a colloidal particle by means of secondary 
valences. In this connection Harries®* expressed the view that hydrorubber must 
be a low molecular compound and perhaps a distillable substance, for saturated 
hydrocarbons should have no secondary valences, and accordingly such a sub- 
stance should form no colloid particles, but only normal low molecular solutions. 
All of these earlier concepts regarding the nature of colloid solutions of rubber have 
been disproved by the fact that a hydrorubber can be prepared from solutions 
which show the same colloid properties, and with molecules of the same size as those 
of rubber. 


IV. The Chemical Properties of Hydrorubber and Hydrobalata 


The physical properties of polypranes are therefore the same as those of analogous 
polymeric polyprenes, for in the case of these high molecular products as with low 
molecular ones, the physical properties depend chiefly upon the size of the mole- 
cules, and slight changes in the structure of the molecule, such as the introduction 
of unsaturated groups, are not manifest in the physical properties. On the con- 
trary, the chemical properties are greatly influenced, and therefore eucolloidal 
hydrorubber and hydrobalata differ greatly from rubber and balata in their high 
stability. It is known that rubber and balata are extremely unstable, both in the 
solid state and also in solution, when they are allowed to stand in contact with air. 
In this way, products may result which give solutions of lower viscosity than the 
original hydrocarbons, but on the other hand give conversion products whose so- 
lutions have higher viscosities. Finally the hydrocarbons may be converted 
into insoluble products which only swell (6-rubber”‘). We were able to prove 
that all these changes depend upon the effect of oxygen and light.?® 

According to experimental conditions, rubber can be degraded by oxidation, 
in which case the resulting products give solutions of low viscosity. On the other 
hand, the fiber molecules of rubber and of balata can be joined together. If this 
combination of fiber molecules is not carried very far, the resulting products give 
solutions with higher viscosities than the viscosity of the original substance. Upon 
further combination of the molecules, three-dimensional molecules are formed, 
and the products are insoluble and only swell to a limited extent. 

A new proof of these changes in rubber is furnished by observations on rubber 
and hydrobalata. A hydrobalata with a molecular weight of 40,000 is as stable as 
any other paraffin, for when this solid hydrobalata is allowed to stand for two and 
one-half years in the air, and then a solution is made from it, the viscosity of this 
solution is the same as that of the original substance. Eucolloidal hydrorubber is 
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much more stable than rubber, both in the solid state and in solution, and in con- 
trast to rubber solutions its solutions are not changed upon standing several days in 
contact with air or in light. 


Description of the Experiments 


The reduction of rubber and balata was carried out in hydrogen under 100 to 
150 atmospheres’ pressure in a rotating autoclave?’ of 1-liter capacity. In the 
autoclave was placed a glass tray so constructed that the liquid could not flow out, 
and which was further provided with grooves so that the catalyst was spread around 
upon rotating the autoclave. In this way were introduced, in an atmosphere of 
nitrogen, 200 cubic centimeters of a 1 or at the most 2 per cent solution of the hydro- 
carbon in methylcyclohexane. The solvent itself was freed completely of oxygen 
by double distillation in a current of nitrogen. Rubber and balata* were likewise 
purified, as described earlier, with painstaking exclusion of oxygen. An extremely 
active nickel”® served as catalyst, and in every hydrogenation the quantity of this 
catalyst added was 5 to 10 times the weight of the hydrocarbon used. 

In the purification process it was frequently difficult to remove completely the 
colloidally dispersed nickel catalyst. The greater part was separated by centrifug- 
ing, after which the pale brown solution was filtered through silica gel, which 
removed the last part of the catalyst. At times the centrifuging had to be re- 
peated. It must be pointed out once more that, in carrying out such reduction 
experiments, air must be excluded with the greatest care in order to avoid any 
oxidative decomposition of the hydrocarbons, and consequently all operations 
previous to the reduction are carried out in an atmosphere of nitrogen or carbon 
dioxide. 

1. Hydrogenation of balata (ns» of 0.05 base-mol = 0.34 per cent solution in — 
tetralin = 0.75; msp/c = 15.0°°): 1.5 grams of balata were hydrogenated with 
200 cc. pure methylceyclohexane and 10 grams of nickel catalyst for 24 hours at 
80-100° at a pressure of 100 atmospheres of hydrogen. The hydrocarbon obtained 
is completely saturated; it no longer reacts with bromine solution and gives no 
coloration with tetranitromethane. The high molecular hydrobalata is amor- 
phous, unlike balata, and yields a rubber-like, tough, slightly elastic mass. 


C;Hio. Calculated C 85.63 
H 14.37 

Found C 85.45 

H 14.15 


Nsp Of the 0.05 base-mol = 0.35 per cent solution in tetralin = 0.769; nsp/c = 15.4. 


After the solution has stood in air for two months the 7.» of the 0.05 base-mol 
solution = 0.760; m/c = 15.2. After the solid product has stood for three 
months the 7, of 0.05 mol solution in tetralin = 0.767; msp/c = 15.3. After the 
solid product has stood for 2.5 years in air the ms, of 0.0134 base-mol = 0.94 per 
cent solution in tetralin = 0.210; mp/e = 15.7. Analysis of the hydrobalata 
after standing 2.5 years: found C 85.89, H 14.32. 

Pure balata is decomposed after one month in air to very low molecular products 
which are rich in oxygen. 

2. Hydrogenation of rubber: 1. 5 grams of purified rubber (np of 0.02 base- 
mol = 0.136 per cent solution in tetralin = 0.472; 1s»/e = 23.6) was reduced in 
200 cc. of methyl cyclohexane with 5 grams of nickel catalyst for 24 hours at 100° 
and at a pressure of 100 atmospheres of hydrogen. Even then the rubber did not 
become completely hydrogenated, as the following analysis shows: 
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[CsHs]x. Calculated C 88.16, H 11.84 
[CsHo|x. Calculated C 86.87, H 13.13. Found C 87.06, 87.46, H 12.85, 13.02 
[CsHio]x. Calculated C 85.63, H 14.37. 


Msp Of the 0.0177 base-mol solution in tetralin = 0.124 per cent = 0.42; np /¢ = 
23.7; nsp/c of the 0.0178 base-mol = 0.125 per cent solution = 0.418; 1,)/c = 23.5 


Superficially this product seems to be exactly like rubber; it still colors a solution 
of bromine in carbon tetrachloride and gives a yellow color when touched with 
tetranitromethane. It is much more stable in air than is rubber. Standing in 
light and air for 1 day does not decompose the solution, the viscosity remains un- 
changed, whereas a rubber solution under the same conditions is highly decom- 
posed. 

3. The same rubber was again reduced in very dilute solution, 7. ¢., 0.5 gram of 
rubber in 200 cc. of methylcyclohexane with 7 grams nickel of catalyst. The re- 
duction was continued for 7 days in this case; for 4 days the temperature was 
increased slowly from 50° to 120°, and kept constant for 3 days at this temperature. 


[CsHio]x. Calculated C 85.63 H 14.37 
Found C 85.31 H 14.0 


Nsp Of 0.017 base-mol = 1.19 per cent solution in tetralin = 0.431; 7p/c = 25.3. 


In this case therefore a completely hydrogenated product has been formed. 
This hydrocarbon is decomposed to some extent on long standing. Accordingly it 
still contains some double bonds, which can be determined either by analysis or by 
coloration with bromine solution. With tetranitromethane a very weak yellow 
color is formed. 

4. Hydrogenation of Rubber II (np of 0.02 base-mol = 0.136 per cent solu- 
tion = 0.610; mp/c = 30.5): 1.3 gram of this rubber in 200 cc. of methylcyclo- 
hexane was hydrogenated with 7 grams of nickel catalyst for 48 hours at 100-130° 
at 100 atmospheres’ pressure of hydrogen. The product obtained was even then not 
completely saturated. 


[CsHo]x. Calculated C 86.87, H 13.13. Found C 87.34, H 12.62. 
Nsp Of the 0.012 base-mol = 0.148 per cent solution = 0.650; s,)/e = 30.7. 


The product still colors bromine solution and gives strong coloration with tetra- 
nitromethane. In spite of this it is very stable to air, and after agitation for 1 day 
in contact with air it is not decomposed. 

5. Hydrogenation of Rubber III (nsp of 0.02 base-mol = 0.136 per cent solu- 
tion = 0.653; msp/c = 32.6): 0.5 gram of rubber in 200 cc. methylcyclohexane 
was reduced with 7 grams of nickel catalyst for 1 week, during the first 3 days the 
temperature was raised from 50° to 120°, and it was left 4 days at this tempera- 
ture. The reduction product obtained is saturated, does not react with bromine 
solution and gives no coloration with tetranitromethane. 


[CsHio]x. Calculated C 85.63. H 14.37 
Found C 85.84, 86.00, 85.87, H 14.49, 14.41, 14.35 


Nsp Of the 0.0126 base-mol = 0.0882 per cent solution = 0.362; 7.,/c = 28.8. 


The product undergoes no decomposition on standing for a short period; after 
standing in air for one year the solid product is apparently not changed in any 
essential way, the viscosity of the solution is, however, essentially lower: msp/c = 
3.7. Nevertheless this apparently saturated hydrorubber therefore contains 
some double bonds, which cannot be determined directly. Accordingly upon long 
standing with oxygen, there is an oxidative decomposition. 
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At the request of Dr. Washburn, a careful preliminary x-ray diffraction study 
has been completed on various samples of rubber fractions prepared at the Bureau of 
Standards by the methods already described.! The results are so interesting, 
especially in structural differentiation between the ether-soluble (sol-rubber) and 
the ether-insoluble (gel-rubber) hydrocarbons, and in producing new data bearing 
upon the several theories of the structure of whole rubber, that it has seemed de- 
sirable to record very briefly some of the more important observations. It will be 
recalled that native rubber, raw, purified, or vulcanized, gives a typical liquid halo 
or “amorphous” type of diffraction pattern in the unstretched condition, which 
changes to the characteristic crystal fiber pattern when the rubber specimen is 
stretched. Upon the basis of these facts, several theories of the structure of the 
rubber hydrocarbon have been proposed: the folded or spiral molecules model; 
the fringe model (bundles of molecular chains with frayed ends); the flexible chain 
model; and the very familiar two-phase model. 

The important new observations on the fractions are as follows: (1) the purified 
total hydrocarbon behaves on stretching exactly as previously found for rubber. 


(2) The sol-rubber fraction produces no evidence whatever of the characteristic 
crystal fiber pattern upon stretching even up to 1000 per cent. The liquid halo is 
retained under all conditions, but it becomes broader in proportion as the percentage 
of stretch increases (which may be due to decreasing particle size). The same 
results are observed in the presence or absence of antioxidants. 


(3) The gel-rubber fraction produces easily, above 100 per cent elongation, 
the crystal fiber pattern, which is quite sharp and intense for 200 per cent stretch. 
The liquid halo remains unchanged in width and decreases in intensity as the crystal 
interferences increase in intensity. When, however, antioxidants are removed and 
the sheet allowed to stand without vulcanization, it is difficult to find crystal 
interferences, even at 400 per cent elongation. 

(4) The sol-rubber when vulcanized begins to show faint evidence of crystal 
interferences when stretched above 400 per cent, showing that sulfur has produced 
a profound structural effect. Vulcanization was accomplished by the Peachey 
(vapor cure) method. 

(5) The gel-rubber, vulcanized, gives a fiber pattern at 250 per cent elongation. 
In a detailed paper there will be presented quantitative measurements on 50 or 
more diffraction films, correlation of these structural observations with physical 
data such as stress-strain curves, a critical comparison of the theories of rubber 
hydrocarbon structure in the light of these results, and further x-ray studies of the 
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rubber hydrocarbon crystals actually produced for these fractions at the Bureau of 
Standards. 
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stretched condition ordinary rubber acts toward 

x-rays like an amorphous material, but that, when it 
is sufficiently stretched, it acts toward the rays like a fibrous 
material. In 1931 Acken, Singer, and Davey (1) reported 
that at room temperature a time interval was required to build 
up the fibrous structure in cyclically stretched rubber. Inves- 
tigation showed that the time-lag effect could not be accounted 
for in terms of a temperature change during the act of 
stretching. Even if all the mechanical energy of stretching 
were instantaneously changed into sensible heat, the tempera- 
ture of the rubber sample could not have been increased mo- 
mentarily by more than 5.2° C., whereas the fibering of rubber 
continuously stretched at 420 per cent elongation could be 
demonstrated up to a temperature of 47°C. Experimentally 
no temperature rise greater than 1.0° C. could be found in the 
samples used. Since the time-lag effect appeared, therefore, 
to be a real effect, it seemed worth while to study it in detail. 
It is the purpose of this paper to report: (1) typical data on 
the effects on the time lag, of temperature, previous tempera- 
ture history, mechanical working and aging, time of relaxa- 
tion, time of stretch, and rate of stretch; and (2) the relation 
of these results to the possible structure of the rubber fiber. 


ia several years it has been known that in the un- 


APPARATUS AND EXPERIMENTAL PROCEDURE 


The main part of the apparatus was identical with that 
used by Acken, Singer, and Davey (1). For the present work 
an air thermostat was built to enclose the specimen holder and 
the photographic film. This held the temperature constant 
within +0.2°C. A molybdenum target x-ray tube, operated 
at 30 kilovolts, furnished the x-rays. A zirconium oxide 
filter gave a substantially monochromatic beam. Various 
samples of rubber sheet were furnished by the Bell Telephone 
Laboratories, Inc., and by the B. F. Goodrich Company. 
These sheets had been milled as little as possible, and were 
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vulcanized only to the extent necessary to make them with- 
stand the cyclic stretching required by the investigation. 
All the results reported here were oktained from samples cut 
from the same sheet. The composition was: 

Pale crepe 90. Accelerator 

Mineral rubber : Zinc oxide ‘ 

ulfur x Antioxidant : 

Time of milling was 20 minutes on warm rolls. The thickness 
of the unstretched rubber was 0.2 cm. 

Several preliminary diffraction patterns were taken from 
stretched samples cut from this sheet to find whether or not 
the sheet had been so affected during the process of manu- 
facture as to make it easier for the rubber micelles to become 
oriented in some one direction rather than in any other. It 
was found that the direction in which the sample was cut had 
no effect on the diffraction patterns obtained under constant 
stretch. In spite of these results there was the possibility 
that some small orientation due to the process of manufacture 
might introduce a directional effect in the time lag of fibering. 
For this reason, in the final work all samples (length 2.5 cm., 
width 0.8 cm.) were cut with their lengths in the same direc- 
tion with respect to the sheet. Cutting was done with a 
sharp razor blade. Because of the small size of the sample it 
was necessary for the dimensions to be quite accurate, and the 
edges had to be smooth. 


After each sample was cut, its ends were punched for the brass 
clamps which were later to fasten it to the supports of the cyclic 
stretching mechanism (citation 1, M, and M; of Figure 1). One 
end of the sample was then clamped to a table, and the sample 
was stretched to approximately the extent desired in the experi- 
ment. Two parallel ink lines were then ruled on it perpen- 
dicular to the direction of stretch—i. e., parallel to the short 
dimension of the sample. These lines were 3 or 4 cm. apart. 


1.2 18 22 , 28 3.2 3.8 4. 4. 


SSeS 


1.0 2.0 3.0 ‘'t.O 9.0 
TIME IN SECONDS AFTER STRETCHING 


Figure 1. Errect oF TEMPERATURE UPON Time Lac oF FIBERING 


Cunvs Tsxmp. Time or RELAXATION Curve Temp. Time oF RELAXATION 
*¢. Sec. R Sec. 
A 15 0.6 0.6 
B 15 2.0 0.6 
C 25 0.6 0.6 
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The part of the rubber through which the x-ray beam was to 
pass later was midway between the lines. After the ink had 
dried, the sample was relaxed and the distance between the lines 
(0.6 to 0.8 cm.) was measured with vernier calipers. Rubber 
facing strips were then placed on the ends of the sample to 
prevent abrasion and wear, and the sample was clamped to the 
supports of the cyclic stretching mechanism. The stretching 
apparatus was set for the position of maximum stretch and the 
exact height of the support was adjusted by a set screw to give 
the desired percentage stretch. In every case the stretch was 
calculated by caliper measurements between the ink lines on the 
sample. Any sample which showed distorted lines after stretch- 
ing was taken off and reclamped. In most cases this made the 
lines straight and parallel in both the stretched and unstretched 
condition. Samples which for some reason could not be adjusted 
properly were discarded as being under suspicion of not being 
capable of uniform stretching. Between successive diffraction 
patterns, the cyclic stretching was continued in order to keep the 
rubber in a standard reproducible condition. New specimens 
were used every two weeks to avoid any cumulative tendency 
toward “racking.” 


A. Errect oF TEMPERATURE ON Time Laa. A base line 
was established by taking diffraction patterns of continuously 
stretched rubber at various temperatures from 15° to 70° C. 
At a continuous elongation of 420 per cent, excellent diffrac- 
tion spots were present at 47° but not at 50°C. Ata con- 
tinuous elongation of 515 per cent there was very little dimi- 
nution in intensity from 15° to 50° C. There was more loss 
in intensity in going from 50° to 55° C. than from 15° to 50° 
C. At 65° C. the spots were quite weak, and at 70° they 
were absent. 

The time lag of fibering was then investigated at 15°, 25°, 
27°, 30°, and 35° C., using the following stretching cycle, 
called “cycle 1”: 


£3) Maintaining stretched condition (515%) 

2) Unstretching ; e 
03} Maintaining a substantially relaxed condition 
4) Stretching 


Total time of cycle 


A fresh sample was used for each temperature. Each photo- 
graphic film was compared visually with every other film to 
see which had stronger diffraction spots. Tabulations of the 
data obtained in this way made it easy to pick out the order 
of intensity of spots. The results are given in Table I and are 
shown diagrammatically in curves A, C, D, E, and F of Figure 
1. It is evident that, with cyclic stretching under the condi- 
tions of the experiment, an increase in temperature from 15° 
to 30° C. causes very little time lag. The changes from 15° 
to 27° C. are just perceptible; the change caused by an in- 
crease from 30° to 35° C. is very marked. 

B. Errect or Previous TEMPERATURE History. A 
series of films was taken to show the growth of the fiber struc- 
ture in a certain specimen (cyclic stretch, elongation 510 per 
cent). The specimen was then given the following treat- 
ment: (1) heated to 55° C., (2) stretched to 510 per cent, 
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and (3) quickly cooled to 25° C. The specimen was kept 
at 55° C. for only a few minutes to minimize the effect of 
any possible chemical changes. A new series of films was 
then taken to show the growth of the fiber structure during 
stretch at 25° C. (elongation 510 per cent), using the same 
stretching cycle as before heat treatment. The two sets of 
time-lag data were found to be identical. Evidently, then, 
within the limits of the experiment, the time lag of fibering is 
independent of the previous temperature history of the 
sample. 

C. Errect or MscwanicaL Work AND Aaine. Three 
specimens, 60, 74, and 87, which had been used in 1932 were 
retested in 1933 to determine whether they still showed 
a time lag of fibering. It was found that a higher percentage 
stretch was necessary to bring out the diffraction spots. 
However, the samples did show a time lag at this higher per- 
centage stretch, and the growth of a fiber structure took place 
just as it did in fresh samples. The effect of aging alone 
would not explain this change because there was no change in 
the time-lag effect in the original unstretched rubber. The 
amount of mechanical working to which samples were sub- 
jected was not sufficient to make any change in the time-lag 
effect at the time they were used in 1932. Therefore it seems 
probable that the change found in 1933 in the specimens used 
in 1932 must have been caused by the combination of mechani- 
cal working and subsequent aging. 

Taste I. Errect or TEMPERATURE UPON TimME LaG oF 


FIBERING 


TIME BEFORE 
START OF 
ExPosuRE 
AFTER — INTENSITY OF DiFFRACTION Spots? ———— 
Ster StretcHine 15°C. 25° C. ar” G. 30° C. 35° C. 
Sec. 

1 Continuous Strong Strong Strong Strong 
2 2 Strong Strong Strong Strong 
3 0.0 Absent Absent Absent Absent 
4 3.2 Strong Strong Strong Strong 
5 2.3 Strong Strong Strong Strong Very weak 
6 1.2 Strong Strong Strong Strong Barely present 


@ Curves A, C, D, E, F, Figure 1. 


TaBie II. ELoNnGaTIoNn oF SAMPLES OF RUBBER SUBJECTED TO 
Cyctiic STRETCHING OF 515 Per Crent 
ELONGATION AFTER 
2-4 WEEKS oF 
TIME OF ELONGATION AT ContTINUOUS 
RELAXATION Enp or Run RELAXATION 


Sec. Ta 


5.3 
4.6 
7.7 
10.3 


If a given specimen is stretched cyclically for a long time 
(between 2 and 4 weeks), it tends to build up a fiber structure 
which persists beyond the period of relaxation (0.6 second) 
of the writers’ standard cycle. It is as though the rubber had 
gradually become “racked.” This is the reason for taking a 
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fresh sample every 2 weeks, and also in studying the effect of 
temperature (section A) for taking a fresh sample for each 
temperature studied. It is also the reason for the time 
schedule listed in Table I, which caused the evidence for the 
time lag to appear in spite of any possible racking rather than 
because of it. The racking effect on prolonged cyclic stretch- 
ing is consistent with the observation of Katz (3) that a fiber 
structure can be detected for 20 to 30 minutes after the re- 
laxation of rubber which has been subjected to long continuous 
stretching. For purposes of record, Table II gives, for the 
samples used in preparing the data for Table I and Figure 1, 
the elongation found when the samples were removed from the 
apparatus. 

D. Errectr or Time oF RevaxatTion. In order to make 
sure that, under the conditions of the experiment, the degree 
of fibering and the time-lag effect were not functions of the 
time of relaxation of the rubber, the work recorded under sec- 
tion A was repeated at 15° C. using a different cycle (called 
“cycle 2’’) as follows: 


Maintaining stretched condition (515%) 
Unstretching 

Maintaining a substantially relaxed condition 
Stretching 


Total time of cycle 


The results shown in curve B of Figure 1 indicate that the 
original cycle was not sensitive to reasonable increases in the 
time of relaxation. This conclusion was later confirmed at 
25° C., 510 per cent stretch, using a slightly different pair of 
cycles (called “cycle 3 and 4’’) in which the times of relaxation 
were 0.5 and 3.2 seconds, respectively (total times of the: 
cycles, 6.5 and 9.2 seconds). Cycle 3, described under section 
E, is essentially the same as cycle 1. 

E. Errect or True oF Stretcu. Two stretching cycles 
were arranged to determine the effect on the time lag of fiber- 
ing of holding the rubber in the stretched condition for differ- 
ent lengths of time during the cycle. The two following 
cycles were used: 


Crcitze 3 Cyrcun 5 
Sec. Sec. 
(1) Maintaining stretched condition (510%) 5. 2.0 
2) Unstretching ak ; ° 
(3) Maintaining a substantially relaxed condition 
(4) Stretching 


Total time of cycle 


No evidence was found of any difference in the rate of growth 
of the fibrous structure for the two cycles considered. 

F. Errect or Rats or Srretcs. In order to determine 
the influence of the rate of stretching on the time lag of fiber- 
ing, the following two cycles were used in which the rate of 
stretching in cycle 6 is one-fourth that of cycle 3: 





Crciz 3 Crcin6 
Sec. Sec. 


Maintaining stretched condition (510%) 5. 
Unstretching 0. 
Maintaining a substantially relaxed condition 0. 
Stretching 0. 


The results are shown diagrammatically in Figure 2. Cycle 
3 gives the same sort of time lag previously found (curve A), 
but the slow rate of stretching gives a much shorter apparent 
time lag (curve B). The diffraction spots were very dis- 
tinct immediately after stretching, and their intensity in- 
creased only slightly even as long as 3.2 seconds after stretch- 
ing. This could be explained easily by assuming that the 
fibering had a chance nearly to complete itself during the long 
period of stretching. This explanation was later confirmed 
by direct experiment. 


INTERPRETATION OF RESULTS 


The following discussion shows that it is reasonable, in the 
light of the authors’ data, to discard certain types of pictures 
of rubber structure without having to draw upon our limited 
knowledge of the chemical nature of rubber. Of the types of 
pictures considered, one seems to be consistent with the known 


facts. Data on rubber in the literature have at various times 
been interpreted in terms of three types of pictures as to the 
nature of rubber: 


I. Pictures expressed in colloid terminology (i.e., in terms of 
a a phase, a dispersion medium, and possibly a stabilizing 
agent). 

II. Long molecular complexes (so-called beta rubber) coiled 
like helical springs, with shorter complexes (alpha rubber) fillin 
in the vacant spaces (2). Obviously zigzags can be substitute 
for coils if desired (4). 

III. A random distribution of tangled molecules or molecular 
complexes. In order to account for the ability of stretched 
rubber to return to approximately its original length, we must 
assume that each of the tangled molecules or complexes has a 
spiral or zigzag structure. 


Picture III is obviously a more complicated version of picture 
II, with the tangle fulfilling the role of the alpha rubber of 
picture II. It will be shown below that the simple pictures 
I and II must be ruled out, but that all the data are con- 
sistent with pictures of type III. 

A. Errect or TEMPERATURE. It is easy to show that 
picture I is hardly consistent with the present data. For 
instance, in a typical version of this picture due to Hauser 
(2) it is assumed in effect: (1) that the more polymerized por- 
tion (beta rubber) is ‘“‘swollen” by the less polymerized por- 
tion (alpha rubber); (2) that the fibering cannot be shown 
by x-ray methods unless the more liquid phase is expelled, 
thus allowing the highly polymerized “swollen” molecules to 
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align themselves fiber fashion; (3) that the act of stretching 
is sufficient to cause the necessary expulsion of the alpha ma- 
terial. The colloid picture is hard to reconcile with the facts. 
This type of theory would seem to require that we explain the 
results of Figure 1 at 35° C. by assuming additional swelling 
and therefore the production of additional alpha rubber. The 
additional alpha material can be obtained only at the expense 
of the beta material. Such a decrease in beta content is ex- 
tremely improbable since the writers’ diffraction spots of con- 
tinuously stretched rubber (515 per cent elongation) were 
practically as strong at 50° as at 15° C., and their diffraction 
spots of continuously stretched rubber (420 per cent elonga- 
tion) were practically as strong at 45° as at 15° C. There 
can, therefore, be at 30° to 35° C. only a small decrease in the 
number of molecular complexes capable of forming fibers. 
ate 


o 
! 
' 








‘Curve AO 
Curve BO 


0 
z 
4 
i 
2 
ire 






































rc 2 
Time in Seconns 
AFTER STRETCHING 


Figure 2. Errect oF RATE oF STRETCH ON 
Time Lac or FIBERING 


A. Normal cycle (cycle 3) 
B. Slow stretch (cycle 5) 


We shall, therefore, consider picture I as being untenable. It 
is a consequence of pictures II and III that, if the amplitude 
of the transverse thermal vibration of molecules (or molecular 
complexes) becomes too great, adjacent spirals or zigzags 
will become somewhat tangled together. The time of 
stretch necessary to align the spirals or zigzags into true 
fibers will therefore be greatly increased. This great increase 
in the time lag of fibering should, then, occur at temperatures 
above the one which corresponds to some limiting amplitude 
of transverse vibration (35° C. in these experiments). 

B. Errecr or Previous TEMPERATURE History. When 
the rubber was given its heat treatment, it was heated to 55° 
C. (20° above the critical temperature of the time lag). It 
was hoped that part of the change taking place might be re- 
tained by rapid cooling. However, although the tendency 
of the rubber to form fibers is sharply decreased or even re- 
moved at 55° C., the ability to recover, at room temperature, 
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from subsequent fibering is unaffected. This must mean that 
the physical nature of the rubber has not been fundamentally 
altered by heating, but that the heat vibrations at 55° C. have 
merely prevented that extreme degree of alignment necessary 
for x-ray diffraction. Because of the different degrees of 
loading and tension of the vibrating molecules or complexes, 
no two fibers would have the same natural period of vibration. 
As soon as the tendency for these fibers to vibrate out of phase 
with each other becomes greater than the tendency of the co- 
hesive forces to produce substantially perfect alignment of 
parallel fibers, the x-ray fiber pattern should disappear. As 
soon as the rubber is cooled to the point where this tendency 
becomes less than the sideways forces associated with align- 
ment, the fibering should again predominate. This must 
mean that the elastic properties of the spirals or zigzags are 


Figure 3. IpEALIzED STRUCTURE OF RUBBER 

(a) The relaxed state 

(6) Immediately after stretching 

(c) At the end of the time lag 
not destroyed by heating. In terms of picture III it means, 
in addition, that the ends of the tangled molecules (or molecu- 
lar complexes) are not loosened from their anchorages by a 
temperature of 55° C.; otherwise the tendency to re-form the 
tangles would disappear with heating. 

C. Errect or MecuanicaL Work aNnp Aaina. The 
fact that more stretch was required to bring out the diffraction 
spots in specimens which had been cyclically stretched a year 
before, means that the combination of mechanical work and 
age caused the rubber molecules (or complexes) to resist the 
lining-up process more effectively. Although the rubber con- 
tained antioxidant, it might be that the cyclic stretching fol- 
lowed by aging would cause chemical changes such as oxida- 
tion. A mechanism is suggested later by which this might 
occur. The effect of additional atoms along the rubber mole- 
cules (or complexes) would be to make it more difficult for the 
molecules (or complexes) to slide over each other. 
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D. Errecr or True or ReaxaTion. Since the relaxa- 
tion of rubber required less than 0.5 second, the departure 
from the fiber state must take place very rapidly. In terms of 
picture III, the portions of the molecules (or complexes) pulled 
from the tangle in the direction of the stretching force must 
snap back into the tangle when the stretching force is re- 
moved. This permits of a restoring force in the tangle itself 
in addition to that in the stretched molecules or complexes. 
Such an additional force is implied in the picture of the tangle 
itself. Each molecule (or complex) must have other mole- 
cules (or complexes) looped about it in random fashion. 
Some of these loops will have a direction roughly perpendicu- 
lar to the axis of the stretched molecule (or complex) under 
consideration. The stretching force would tend to straighten 
out the molecules (or complexes) which are parallel to the 
stretching force, and this very process would produce a ten- 
sion in the loops which are roughly perpendicular to the 
stretched molecules (or complexes). When the stretching 
force is removed, this sideways pull would snap the lined-up 
molecules (or complexes) back into the tangle. Obviously 
this process could take place very rapidly. 

E. Errecr or Tims or Stretcu. It was found experi- 
mentally that no difference could be found in the time lag of 
fibering whether the rubber was held stretched for 2 seconds 
or for 5 seconds during each cycle. In both cases the fibering 
was apparently reduced to zero at the end of the relaxation 
portion of the cycle (0.5 second). These results emphasize 
the temporary effect of cyclic stretching on the state of the 
rubber and indicate that stretching does not affect the anchor- 
age of the ends of the molecules (or complexes) which compose 
the stretched fiber. 

F. Errect or Rate or Srretcw. The rapid rate of 
stretching gave a much longer time lag of fibering than the 
slow rate. In terms of picture II, fibering would consist of 
two processes: (1) the stretching out of the beta molecules 
(or complexes) and (2) the expulsion of the alpha molecules 
(or complexes). For a slow rate of stretching, these two proc- 
esses could occur simultaneously. As a result the fiber pat- 
tern would show up fairly strongly just at the end of the 
stretching process. The rapid rate of stretching would cause 
the beta rubber to be stretched out before the alpha rubber 
had time to be expelled. Such a picture explains the time lag 
and its dependence upon the rate of stretching. The chief 
difficulty with this theory is that it does not explain what sort 
of process the alpha rubber must go through which requires 
it to interfere with the stringent requirements for x-ray fiber 
patterns before but not after expulsion. It does not explain 
why, if the alpha rubber is once squeezed out between fibers, 
it finds it necessary to return so quickly when the rubber is 
relaxed. We therefore have some justification, independent 
of any other type of data, for definitely discarding a simple 
picture of type IT. 
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In terms of picture III we seem to have no such difficulties. 
This picture assumes that the act of stretching pulls mole- 
cules (or complexes) at least part way out of the tangle and 
aligns them in the direction of the stretch. Expressed in 
terms of the mechanism detailed under section D, in the case 
of the slow stretch, the stretching out of the loose ends of the 
molecules (or complexes) and the straightening out of the 
tangle (in the direction of the stretch) have both taken place 
when the maximum stretch is reached. For the rapid rate of 
stretching, the untangling process is assumed not to be com- 
plete until some time after the maximum stretch has been 
attained. We may assume that, in rapid stretching, the ends 
of the molecular complexes are first overstretched, and that 
this excess strain is relieved by the untangling process after 
the completion of the macroscopic stretching. After the 
untangling occurs, the fiber structure is perfect enough to 
show the x-ray fiber pattern. This is illustrated in Figure 3 
in which, of course, zigzags may be substituted for spirals if 
desired. 


We may assume that, when the rubber is stretched, 
the tangle is not completely unraveled; the other mole- 
cules would still be looped around those molecules which take 
part in the fibering. These other molecules also would have 
their spirals (or zigzags) stretched out but would have no op- 
portunity to align themselves accurately so that they would 
not contribute to the fiber structure. They would, however, 
make possible the forces necessary to reéstablish the tangle 
after the external forces of stretching are removed. It is as- 
sumed, of course, that the ends of the molecular complexes 
would stretch out rapidly but that the straightening out of the 
tangle would require more time, so that reasonably perfect 
alignment will occur only after a time lag. 


Such a picture is apparenty consistent with a mass of other 
data in the literature (see literature references at end of cita- 
tion 1). The picture may appear to be open to the objection 
that the size of the loops in the tangle may be too small to 
allow the overstretched ends just to release the strain of over- 
stretching. This difficulty may be met if we assume that, as 
a rule, there is more length available in the tangle than is re- 
quired to release the strain of overstretching. The relaxing 
of the ends would then take place until the secondary valence 
forces have a chance to tie adjacent molecular complexes to- 
gether into a fiber structure which would persist during the 
rest of the stretching period. In the case of certain fibers it 
is likely that there may not be enough untangling to relieve 
the overstretched ends. This would result in torn fibers re- 
sulting in turn, in the failure of Hooke’s law, racking, and 
finally in tearing. The chemical reactivity of torn molecules 
(or complexes) might conceivably account, too, for the com- 
bined effect of cyclic and aging mentioned under section C. 
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Natural and Synthetic Rubber 


XII. Reversible Vulcanization, by Organo-Metallic 
Derivatives 


By Thomas Midgley, Jr., Albert L. Henne, and Alvin F. Shepard 


Oxygen compounds, sulfur derivatives, sulfur and selenium have been used to 
cause the change in the physical properties of rubber called vulcanization. Such 
vulcanization has never been reversed. 

It has now been observed that under certain conditions some organo-metallic 
compounds produce vulcanization and that the change is reversible. Broadly 
speaking, these compounds can be classified as organo-metallic derivatives active 
toward combined oxygen. Zinc-alkyls and Grignard reagents have been used 
successfully. The new type of vulcanization is reversed by treating the cured 
sample with water or acetic acid. Even exposure to moisture is sufficient. After 
vulcanization has been reversed, the specimen exhibits again its original physical 
properties, within the experimental errors of measurement. The increase of tensile 
strength obtained indicates that this new and reversible vulcanization parallels 
customary curing with sulfur. 

Experimental 


A strip of rubber placed in a test-tube is kept in a vacuum desiccator for one day. 


The amount of phenylmagnesium bromide required to form the stiffest gel in a dry: 


benzene solution of the same rubber is determined separately. The same amount 
dissolved in a quantity of ether equal to the weight of the rubber strip is poured into 
the tube. The latter is cooled to —80°, evacuated, sealed, shaken to ensure good dis- 
tribution and allowed to stand for two days. After opening the tube, the ether is 
removed by slow evacuation in a desiccator and the tensile strength of the strip is 
measured as quickly as possible. Figure 1 shows typical stress-strain curves for a 
sample of crepe rubber milled for fifteen minutes on a laboratory mill, before and after 
vulcanization with phenylmagnesium bromide (0.18 g. per gram of rubber). Man 
samples were obtained with tensile strength ranging between 135 and 160 kilograms/- 
sq. em.! 


Gelling of a benzene solution of sol rubber is an evidence of vulcanization which 
is particularly convenient to study. It readily occurs when a solution of “broken 
down” rubber in benzene is treated with a Grignard or a zinc-alkyl compound. 
This gelling is reversed by a subsequent treatment with water or acetic acid, the 
latter being especially adapted to this purpose. 

A summary of the qualitative results so far obtained follows. (1) Sodium rubber 
prepared in the absence of oxygen does not gel; prepared in the presence of oxygen, 
or exposed to air, it does gel. (2) The purest sol rubber? obtainable by fractional 
precipitation gels slightly. ‘Broken down’ rubber gels more easily and the gel 
is stiffer. (3) The gels are reverted to their original sol condition by the addition 
of water, acetic acid, or other substances capable of breaking a Grignard complex. 
In contradistinction to this, the gels are peptized by addition of more phenyl- 
magnesium bromide, of ZnC.H;I, C-H;O0MgBr, anhydrous AICl;, FeCls, MgBro, 

1 The following Grignard reagents have been used successfully: CHsMgI, CoHsMgI, CeHsMgBr, 
CsHsMgCl, CsHsSMgI, CHsCs-H2SMgI, CH:C:HsCsHMgI, IMgC :CMglI. It is convenient to use 
them in 1 N to 3 N solutions in ether. 

2? Midgley, Henne, and Renoll, J. Am. Chem. Soc., 58, 2733 (1931); Russper Cuem. & TEcH., 
4, 547 (1931). 
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but not by Zn(C;Hi:)2. (4) Acetic acid added progressively to a peptized gel 
reforms the gel and further acid addition reverts it to its original sol rubber con- 
dition. (5) The cycle of gelling, peptizing, depeptizing and reverting, or any 
portion thereof, is presumably repeatable many times, but in practice accurate 
observation is limited to two complete cycles, as the suspensions of acetates mask 
the phenomena. (6) Zinc amyl does not gel rubber from a solution which does 
not contain hydroxyl groups, but causes gelling after exposure to air, or after the 
addition of water or alcohol. Grignard reagents do not gel “dry” sols containing 
zinc amyl, nor does zine amy] peptize “dry” gels obtained with Grignard reagents. 
(7) A benzene gel of pure sol rubber incompletely vulcanized with sulfur (7. e., 
with 0.24% combined sulfur) is peptized by the addition of phenylmagnesium 
bromide. Acetic acid depeptizes it but an excess of acid does not revert the 
resulting gel to a sol. 
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Imperfect technique has prevented so far accurate quantitative data, but the 
following approximations have been noted. (1) The amount of CsH;MgBr re- 
quired to complete the gel reaction (assumed to be the amount required to produce 
what appears to be the stiffest gel) varies from about one mole of CsH;MgBr per 
500 isoprene units to one molecule per 6 isoprene units depending upon the degree 
of ‘break down” in the rubber, more being required for greater break down with 
a stiffer gel resulting. (2) Approximately an equal amount of C.H;MgBr is re- 
quired to complete peptization as is required to produce maximum stiffness. 
(3) Approximately equal molecular amounts of acetic acid are required to reverse 
either the gelling or peptizing reactions as were originally used of the gelling or 
peptizing reagents. 

Incomplete as the study now stands, it nevertheless justifies the following inter- 
pretations. (1) The introduction of the organo-metallic group does not produce 
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polymerization, because carbon to carbon linkages would persist after the destruc- 
tion of the organo-metallic complex and the polymerized product would differ 
markedly from the original material, which is not the case. (2) Since organo- 
metallic compounds, such as those used, do not form bridges between molecules, 
this new type of vulcanization results from the formation of one or several complex 
groups at one or more points of the rubber molecule. (8) Since the organo-metallic 
reagents show very slight or no action on oxygen-free rubber, it follows that the 
combined oxygen of the rubber molecule is the point of attack. Corollary: com- 
bined oxygen is present in “broken down” (degenerated) rubber. (4) Since the 
complex obtained with organo-metallic compounds is vulcanized rubber, since its 
destruction devulcanizes the rubber, and since this complex probably contains polar 
groups, the theory that the formation of polar groups on the rubber molecule is 
essential to produce vulcanization is given considerable support. 


Summary 


Rubber has been vulcanized with organo-metallic compounds; this vulcanization 
has been reversed, then repeated. An interpretation of the experiments is pro- 
posed and the bearing on sulfur vulcanization is pointed out. 


XIII. The Molecular Weight of Sol Rubber 


By Thomas Midgley, Jr., Albert L. Henne, Alvin F. Shepard, and Mary W. Renoll 


A method is presented whereby the molecular weight of rubber has been com- 
puted from the results of chemical analyses. It consists in combining rubber and 
sulfur, then separating the reaction products by fractional precipitation into por- 
tions containing increasing amounts of sulfur. Analysis shows that the sulfur 
content of the second portion is twice that of the first, and that of the third three 
times that of the first. The simple assumption is then made that the successive 
portions contain definite compounds in which one molecule of rubber is combined 
with one, two, and three atoms of sulfur, respectively. The computation of the 
molecular weight of rubber is thus made possible. 

The experimental procedure is outlined as follows. Pure sol rubber hydrocarbon! 
mixed with tetramethylthiuram disulfide and zinc stearate is heated until approxi- 
mately 0.06% sulfur is combined with the rubber. This material is subjected to 
repeated fractional precipitation from a mixture of alcohol and benzene! until no 
further separation takes place and the amount of combined sulfur is determined in 
the several fractions. The results appear in the tables. 

Three successive components are thus isolated, with sulfur contents of 0.058 + 
0.003%, 0.116 + 0.003% and 0.179 + 0.003%, respectively. Assuming that they 
are the mono-, di-, and tri-sulfur derivatives of rubber, the molecular weight of 
rubber can be computed as 55,859 = 2800, 55,556 = 1400, or 53,637 = 700. 
Values between 54,337 and 54,156 are common to all three determinations. They 
correspond to 799 and 791 isoprene units in the rubber molecule. 

The particular vulcanizate used in these determinations was selected from a 
variety of others as best adapted to the desired purpose. The results obtained 
with other experimental conditions are beyond the scope of the present paper. 

As a corollary derived from the experimental results so far obtained, it may be 

1 Midgley, Henne, and Renoll, J. Am. Chem. Soc., 53, 2733 (1931); Ruspsper CHem. anp TECH., 
4, 547 (1931). 
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concluded that, at least in its first stages, vulcanization should not be regarded as 
a linking of different rubber molecules by sulfur bridges. Intermolecular linkings 
would greatly increase the molecular weight, and cause a decrease of solubility 
out of proportion with that actually observed. Furthermore, a fractionation 
would then yield sulfurized compounds which could be represented successively 
by RSo, ReS:, RsS2, ..., R,S(n-1, ..-, RoSeo (where R is the rubber molecule 
and § is a sulfur atom). In contradistinction, the experimentally obtained com- 
pounds are RSo, RS:, RS:, RS;. Consequently, intermolecular linkages cannot 
be accepted, within the scope of the experiments. 


EXPERIMENTAL DETAILS 
A. Interaction of Rubber and Sulfur 


Rubber (97 g.), tetramethylthiuram disulfide (3.63 g.) and zinc stearate (0.97 g.) 
were dissolved in benzene (2500 g.). The solvent was removed at room tempera- 
ture under high vacuum. The resulting skin of rubber was cured in situ by heating 
the flask for thirty minutes at 100° in an oil-bath, after a ten-minute preheat at 
95°. <A sol fraction from sprayed latex? was used; all operations were performed 
in a carbon dioxide atmosphere, and all solvents were freed of air and saturated 
with carbon dioxide. This procedure was preferred because it eliminated milling 
and reduced contact with air, thus avoiding degradation. 


B. Fractionation 


The product was subjected to fractional precipitation,'! and the fractions were 
analyzed for combined sulfur,* as shown in Table I. 


TABLE I 


PRIMARY FRACTIONATION 


: Weight, Solubility 
Fraction g. Ss, % in CeHs 


A-1 18.8 0.065 Sol. 

A-2 11.7 .065 — Sol. 

A-3 : .069 Sol. 

A-4 ; .105 Sol. 

A-5 , .116 Sol. 

A-6 ‘ a7 Sol. 

A-7 . 207 Partly sol. 
B . 242 Insol. 


it. 
13. 


Fractions A-1, A-2, and A-3 were combined and refractioned. Fractions A-4, 
A-5, and A-6 were similarly united and refractioned. Fraction B was finely cut 
and allowed to soak in benzene as long as soluble matter diffused out. This 
soluble material (2.8 g.) was added to fraction A-7 and was also refractioned. 
The results appear in Table II. 


Cc. Analytical Procedure 


The finely cut rubber samples were extracted with acetone in a Soxhlet apparatus 
for twenty-four hours, swelled with benzene, soaked in alcohol and freed of inorganic 
1 Midgley, Henne, and Kenoll, J. Am. Chem. Soc., 58, 2733 (1931); Ruspsper Cuem. AND TECH., 
4, 547 (1931). 
2 Midgley and Henne, J. Phys. Chem., 36, 2280 (1932); RusperR Cuem. anp TEcH., 6, 367 (1933). 
8 Wolesensky, Ind. Eng. Chem., 20, 1234 (1928). 


- 





520 


TABLE II 


SECONDARY FRACTIONATIONS 


Initial Weight, Solubility 
material Fraction g. S,% in CeHe 


Aryl 13.7. 0.058 Sol. 

A-1, A-2, Ay-2 8.0 .057 Sol. 

and A-3 Ay3 .056 Sol. 

Ar4 043 Sol. 

A-4, A-5, As-5 115 Sol. 

and A-6 Ar6 ; 112 Sol. } RS; = 0.1153% S 
Ay7 . 117 Sol. 


RS; = 0.0574% S 


A-7 and part 
of B A;-8 4.0 .179 


sulfides. Blank runs demonstrated that this treatment was adequate. The sulfur 
content? was determined by the procedure of Wolesensky. All results were cor- 
rected for parallel blank determinations. 

Due to the limited amount of material available, double analyses were performed 
only in a few cases; with only one single exception the results checked within 
experimental error, and in the exceptional case, a third analysis secured the needed 
confirmation. 

During the course of the fractionation it was noted that vulcanization was still 
progressing and also that traces of unreacted accelerator were removed by the 
solvents used in the fractionation. This explains why the total amount of com- 
bined sulfur was not constant after each fractionation. As the theoretical reasoning 
is based only on the final results, when the sulfur concentration no longer changed, . 
it is not affected by these details. 


CONCLUSION AND SUMMARY 


Partially vulcanized rubber has been fractionated into components in which 
rubber is combined with increasing amounts of sulfur. The analyses of these 
fractions concur to indicate a molecular weight of about 54,000 for the particular 
sample of rubber used. Specimens of varied origin can thus have their molecular 
weight measured by strictly orthodox chemical means. 


XIV. A Structural Formula for Ebonite 
By Thomas Midgley, Jr., Albert L. Henne, and A. F. Shepard 


The ninth paper of this series! reported a list of compounds obtained by the 
pyrolysis of ebonite and stated that their correlation might elucidate the constitu- 
tion of ebonite. 

The compounds positively identified, and their relative amounts, were benzene 
<0.5; 2-methylthiophene, 10; toluene, 1; 2,3-dimethylthiophene, 50; 2,4-di- 
methylthiophene, 10; m-xylene, 50; 2-methyl-5-ethylthiophene, 240. Moreover, 
it was established definitely that thiophene itself, and those of its homologs with 
less than eight atoms of carbon other than the ones just mentioned, were positively 
absent. 

The above compounds are obtained by themselves only when ebonite is destruc- 
tively distilled. Mixtures of raw rubber and sulfur yield other isomeric forms as 


4 Stevens, Analyst, 40, 275-281 (1915). 
1 J. Am. Chem. Soc., 64, 2953 (1932); Runsper Cuem. & Tecn., 5, 530 (1932). 
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does the reaction of sulfur with the pyrolysis products of rawrubber. For example, 
ebonite yields only 2-methylthiophene, while isoprene and sulfur yield only 3- 
methylthiophene;! a mixture of raw rubber and sulfur yields both isomers. Hence 
the compounds actually isolated were derived from fragments of the ebonite mole- 
cule and not merely from fragments of the rubber molecule with sulfur subsequently 
attached. 

The identified decomposition products accounted for only 1.1% of the original 
material and it is therefore possible that the type of sulfur linkage developed in the 
following reasoning is not the only one present. 

I. Only four out of the twenty-one possible thiophenes of substantially equal 
stability with less than eight carbon atoms were produced. Random linking of 
small fragments after extreme pyrolysis is unacceptable as an explanation of their 
origin, and consequently they are accepted as representing fragments of the parent 
molecule. 

II. All four sulfur compounds bear a methyl group in the alpha position, 
showing that sulfur is linked to a tertiary carbon atom in ebonite, thus: 


Cc 


| | 
7 ies ee iil i he 
S : 


III. The absence of thiophene itself, of 2,3-methylethylthiophene and of 
2,5-dimethylthiophene demonstrates that sulfur did not link two distinct rubber 
molecules. There are three significant ways to make intermolecular linkages in 
accordance with the formula (C;Hs)S, 7. e.: 


: | 
Cc ° S 


| 
oc Gad petits < nan i 


S 
| 
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As a thiophene ring is not present in any of these formulas, the assumption would 
have to be made that it forms only during pyrolysis. I and II are eliminated 
because I would lead by such a process to the formation of thiophene itself, and 
some other homologs not found, while II would form 2,5-dimethylthiophene along 
with other isomers which were absent. It is considerably more difficult to reject 
III, as this type is able to form every one of the compounds actually found by 
pyrolysis, and only one which was absent, namely, 2-methyl-3-ethylthiophene. 
Even after disregarding this last objection, it is hard to see how III could prevail 
to the practical exclusion of I and II, without assuming the action of directive 
forces during the combination of the sulfur and the rubber. Since this does not 
seem justified it is necessary to abandon intermolecular linkages of sulfur from 
further consideration. 

IV. The three preceding paragraphs narrow the possible simple formulas 
representing the original rubber molecule saturated with sulfur to 


Q 


--O6-0-—0-0-0-0-——-0-—C 
\e/ \e/ 
Cc 
--0—-0—0-—C—-0-C-—-0-C 











Since they bear no relationship to the decomposition products, (1) and (8) are 
immediately eliminated. On the other hand (2) correlates very nicely. 


Discussion 


The following paragraphs demonstrate the simplicity of the relationship existing 
between formula (2) and the products found, without claiming a representation 
of the actual pyrolysis steps. 

The process is to consider groups from the parent molecule consisting of 5, 6, 
7, and 8 carbon atoms and to observe the relationship between these groups and 
the corresponding products obtained. The carbon skeleton will be discussed 
exclusively, and the postulates of paper I? of this series regarding the behavior of 
hydrogen atoms and partial valencies will be adhered to. 

If the ebonite molecule splits along the lines b and b’, the formation of a-methyl- 
mates is at once evident. A split along a and b’ gives 2-methyl-5-ethylthio- 


_ b’ 


Sh CQ CH—CH 
.. in | mone |) eaiiah tiadinccs aking a 
i—s—J ;-—+s-.. — \g% 


phene. Since this compound predominates among the decomposition products 


2 Midgley and Henne, J. Am. Chem. Soc., 61, 1222 (1929). 
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it seems that a rupture can occur along a and b’ more easily than along b and b’. 
Hence a splits oftener than b. 


A split along b and c yields a fragment which can give only a hydrothiophene 
derivative. A methyl group must migrate if a thiophene derivative is to be ob- 
tained. ‘In this way the formation of 2,3-dimethylthiophene is explained. 
: ; —CCH 
Q : CQ i i 3 

ied: i: eas cea —> eis sale — by how 
b c 

Although the rupture (b and c) may be as frequent as that of (b and a), the 
complexity of the rearrangement.can be expected to minimize the formation of 
2,3-dimethylthiophene. If the preceding premises on the relative strength of 


the bonds are correct, then splits along (a and c) should be the most frequent and 
form fragments represented by 


C Cc 
—b-c-c-c-—e- 


Its rearrangement may lead to a thiophene homolog, by migration of one of the 
CH—CCH; 

methyl groups to yield ee how. This compound was outside the range 
\ 


of the investigation. Another possibility is that the terminal carbon atoms link 


a 
to form a six side ring such as on Nac from which the loss of hydrogen 
pa 


Ne 


sulfide explains the formation of m-xylene and the loss of two carbons gives 2,4- 
dimethylthiophene. 

The possibility of having the same fragment form three different compounds 
accounts for the low relative yield of each. 

The remaining sulfurated compounds which were only partially identified could 
easily be derived from the proposed formula. It is thus concluded that the pro- 





524 


posed type of sulfur linkage was preponderant, and may even have been the only 
one present. 

It is admittedly pure speculation to project the above formula into three dimen- 
sion space, yet the process carries with it some attractive possibilities. It has 
often been suggested that the rubber molecule is extensible and that it is a helix. 
If the sulfur atoms are linked in this helix as above described by the plane formula, 
it can be seen that the sulfur atoms tie together successive turns of the helix and 
render it rigid. If sections are cut from this spacial formula, all the decomposition 
products found, and only those, are either obtained directly or by ring closure 
between carbon atoms adjacent in space. 

A further consideration applies to soft cured rubber, where an occasional turn 
of the helix would be prevented from opening upon stretching by the linkage of a 
sulfur atom. ‘Nodules’ would thus be created, which would so key the structure 
together that slippage between the molecules would be prevented, and tensile 
strength materially increased. ; 


Summary 


A formula for ebonite has been proposed, where sulfur is linked to a carbon atom 
bearing a methyl group on the one side and to the next third carbon atom of the 
rubber chain on the other side 


‘a a i 
tees ee ee 


Cc 
Ww 





This formula is based on a consideration of the pyrolysis products of ebonite. 





[Reprinted from Industrial and Engineering Chemistry, Vol. 26, No. 5, 
pages 533-540, May, 1934.] 


Plantation Studies of 
Crude Rubber 


Variation 


GeEorGE A. SACKETT 


The Goodyear Tire & Rubber Company, Akron, Ohio 


nized that the product was subject to variation in rate of 

cure. A number of investigations were made using a 
rubber-sulfur formula and some were carried out using in- 
organic accelerators. The variation in plantation rubber has 
not received quite so much attention in recent years, probably 
mainly for two reasons: first, the effect of variation has been 
minimized by blending and compounding, and secondly, 
the production of a uniform rubber was not economical in the 
face of competition by native rubber, since the manufacturers 
could easily and cheaply adapt the variable rubber to their 
processes and products. 

It was desirable, however, to study the possibility and 
economy of producing a uniform product from a rather large 
area under careful control so that, if feasible economically, 
the processing could be so arranged that the product of this 
area would be of uniform quality. The investigations con- 
ducted in this connection form the basis for this paper. The 
work was wholly carried out using an organic accelerator, as 
it was felt that the variation of rubber when this material 
was used was of far more importance than variation in the 
rubber-sulfur mixtures previously employed. In addition, 
the product of the plantation where the studies were made 
was intended for use with Captax acceleration. 

The term ‘‘variation” in this paper is taken to mean the 
difference in vulcanizing properties, particularly as reflected 
in rate of cure, or in the stiffness of a standard test stock at a 
given cure. The variation in appearance is not considered, 
as it has been thought for some time that neither appearance 
nor hand tests of the crude rubber give any indication of the 
properties of the finished stock (3). 

It was recognized as early as 1890 that the method of 
coagulation caused the product to vary (2). Further studies 
were made, and a wider knowledge of the causes and extent 
of variation was gained. Eaton and Grantham (8) compared 


[ THE earlier years of the plantation industry it was recog- 
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the variation of plantation rubber with that of fine Para and 
concluded that smoking retarded the rate of cure. More im- 
portant, however, they decided that the rate of cure was due 
to the presence of some nonrubber substance in the latex, 
possibly a protein or protein degradation product. They also 
stated that smoking, or removal of excess serum by washing, 
or using preservatives, or any artificial factors which either 
hindered the formation of this material or partially destroyed 
it would lower the rate of cure. They believed that any plan- 
tation should be able to make a uniform product by carefully 
controlling conditions, but the product of different planta- 
tions would vary, one from another, because of differences in 
methods and machines for handling latex and coagulum. 
Whitby (15) found that phenols lowered the rate of cure and 
that the purple discoloration of the coagulum, caused by oxi- 
dation, was without effect. He called attention to the fact 
that different groups of trees would yield a product of varying 
rate of cure, even with the same method of production. Com- 
parisons of various methods of processing should be made 
with a single large lot of latex. 

Further detailed investigations were made by Eaton, 
Grantham, and Day who investigated principally the effect 
of various coagulating agents,washing, creping, and drying 
(9). Other investigations were made by the Rubber Research 
Scheme of Ceylon (1). De Vries in Java also made a number 
of interesting studies (13, 14). 

Summarizing all this work, it may be stated that the rate 
of cure depends largely on the ratio of certain nonrubbers to 
the rubber in the finished product. This ratio may be af- 
fected not only by the processing of the latex, but also 
by natural influences. The natural factors affecting latex 
flow and, in turn, the rate of cure are wind, rain, soil, and 
season. The latter has the most pronounced effect. The 
artificial factors are the tapping system, the stability of the 
latex, the kind and amount of coagulant, the period of coagu- 
lation, the amount of washing, and the drying system used. 

It is no simple or cheap matter to overcome the effect of 
these variables. Thus, even if a plantation were to standard- 
ize the latex handling and control every step of the process 
with minute care, the natural variations would prevent the 
production of a uniform material. With the exception of the 
changes caused by seasonal variations, particularly the effect 
on the latex of the loss of leaves of the tree during the winter- 
ing period, the effect of most of the variables on a given plan- 
tation can be overcome to a very great extent. 

Many plantations use a period system of tapping; that is, 
each tree in a given area is tapped daily for 2, 4, or 6 weeks, 
and then allowed to “rest” for an equal period of time. The 
latex obtained during the first few days of tapping has a much 
lower rate of cure than that obtained later. The alternate- 
day system of tapping should not have this disadvantage. 
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Any plantation using the period system should lay its area 
out in sections, one section changing from rest to tap at a time. 
Then by blending latex from areas which have been in tap 
for varying lengths of time, a latex of uniform characteristics 
should be obtained. This method was used on the plantation 
where the experiments detailed below were carried on. The 
total amount of latex mixed together in any one blend was 
16,000 liters of 20 per cent dry rubber content. Besides the 
advantage of uniformity, it is found that the daily crop is 
more uniform in size if a plantation arranges to have different 
areas change from rest to tap at various times. The output of 
latex on the first few days after changing over is very small. 
The yield rapidly increases for 4 or 5 days and then begins 
to drop off gradually. 

The alternate-day system of tapping, mentioned above, 
is without doubt the best system from the standpoint of latex 
uniformity, but it is often not economically as advantageous. 
There is some question, for instance, about the equality of 
yield and of cost of supervision. 

The processing variations have a great deal of influence on 
the rate of cure of the product. Smoked sheet, because of its 
method of manufacture, is subject to much wider variation 
than is pale crepe. Crepe is thoroughly washed, and the 
coagulum emerges from the final creping machine with a 
definite and uniform thickness. It is always, or nearly always, 
made thinner than sheet. The drying of crepe is probably 
always at a more uniform temperature than that used for 
sheet. Sheet always varies slightly in thickness and in the 
hardness of the coagulum. Since the coagulum is merely 
rolled out gradually to the desired dimensions, little washing 
is done. Since the plantation on which the work described 
below made sheet as its main product, practically all work 
was done on that form of rubber. 


In brief, any factor which increases latex flow from the tree 
will produce a latex from which, with a given process, a faster 
curing rubber will be made; and any factor in processing 
which causes maturation of the wet coagulum to take place 
more rapidly, or for a longer time, or any process which does 
not remove as much of the nonrubber constituents of the 
latex will be found to give a faster curing product. 


Although much work had been done on crude rubber 
variation, all had been carried out with a rubber-sulfur for- 
mula. Dinsmore and Zimmerman (5) and Bishop and Fuller- 
ton (4) had found that the variations were not the same 
when using organic accelerators. This investigation was 
made to study this point more fully, and Captax (mer- 
captobenzothiazole) was used as accelerator, not only for 
the reason already given, that the rubber from this plan- 
tation was to be used with Captax in manufacture, but also 
because this material is more sensitive to slight variations 
than other accelerators. 
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EXPERIMENTAL PROCEDURE 


In comparing the rate of cure of various samples of rubber, 
using the same formula and the same time of cure, it was 
found sufficient merely to determine the modulus of the stock 
at 700 per cent elongation. Thus a stiffer stock, having a 
higher modulus, can be said to be faster curing. This does not 
allow the setting of a time of best cure, nor can the result be 
interpreted to mean anything if any of the conditions is 
changed. However, all the tests made on the plantation were 
correlated with a system of testing used in the rubber factories. 

The test formula was as follows: 


Rubber 100. 

Zinc oxide 4. 

fur 6. 

Captax 0.50 
The cure was 40 minutes at 260° F. (126° C.) unless otherwise 
noted. The cycle of mixing, curing, and testing was 48 hours; 
that is, the stock was milled one day, cured the next day, and 
tested on the second day following. 

The test was made with a standard dumb-bell strip. It 
was pulled on a Scott machine with a jaw separation of 20 
inches (50.8 cm.) a minute. The usual temperature of test 
was 90° F. (32° C.) and the relative humidity was about 90 
per cent. The results reported are averages of two tests. 


BULKING OF LATEX 


Four separate series of tests were made in a study of the 
value of latex bulking. The plantation was operating on a 
month-period system; that is, any given area was tapped on a 
half-circumference with a single spiral cut, daily for one 
month, and then the area was allowed to rest for one month. 
The whole plantation was divided into twelve sections, and 
one section was brought into tap every 5 days. 

The first test was made before bulking was practiced to any 
great extent. The latex was brought to the factory by motor 
truck, in tanks holding about 2000 liters (500 gallons). This 
quantity was transferred to a tile-lined tank for dilution to a 
standard dry rubber content of 18 per cent. Formic acid was 
used as a coagulant. The latex was coagulated overnight and 
given a short soaking (about 5 minutes) in running water and 
dried for 7 or 8 days in a smokehouse at 120° F. (50° C.). 
Samples were taken from various sheets and tested. The re- 
sults were as follows: 


TENSILE Mopvuwvs aT: 
Dats SampLeE STRENGTH ELONGATION 500% 700% 


% 
800 
800 
800 
800 
800 


May 2, 1930 


May 3, 1930 


OrWNe Ak Obe 





May 7, 1930 


May 10, 1930 


May 12, 1930 


May 13, 1930 


PONE ARON PWN Gh Ob 


Average 796 
Average deviation ee 
Maximum deviation 

While the average deviation was not great, the maximum 
was too large. In an effort to improve the uniformity, a run 
was made in which bulking was carried out on a much larger 
scale. The procedure was as follows: All latex received was 
stabilized with 4 cc. of 18.5 per cent ammonia solution to 
each kilogram of latex. The entire day’s crop, or about 80,000 
pounds (36,000 kg.) of latex with 35 per cent dry rubber con- 
tent, was mixed in a single large tank. It wasrun into a smaller 
tank in successive portions where it was diluted to 18 per cent 
dry rubber content. Coagulation, milling, and drying pro- 
ceeded as usual. Representative samples gave the following 


tests: 
TENSILE MODULUS AT: 
Datr Sample StrrenGctH EvoneaTion 500% A 


% 
800 
800 
800 


July 2, 1930 


800 . 
800 


July 3, 1930 


July 4, 1930 


July 5, 1930 


July 6, 1930 


July 7, 1930 


July 8, 1930 


ORWODEF ARON ARON ARWNe ARO AkRWONe ar whe 


Average Se 
Average deviation 
Maximum deviation 
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The tensile strength and modulus (average) of this series 
were higher than of the previous one. In order to eliminate 
any seasonal effect, for the first test was made shortly after 
the wintering period was over, the bulking on a small scale 
was repeated. This time, however, it was carried out in units 
of 6000 to 8000 liters (1500 to 2000 gallons). The method of 
handling was the same as in the previous tests: 


TENSILE Mopvuvs AT: 
Date Sampte STRENGTH ExLonaaTion 500% 


July 9, 1930 

July 10, 1930 
July 11, 1930 
July 12, 1930 
July 13, 1930 
July 14, 1930 


July 15, 1930 


1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 


Average 
Average deviation 
Maximum deviation 

The average deviation in this last series is less than in the 
one before, but it is of about the same magnitude. We may 
safely say, therefore, that nothing is gained in uniformity by 
larger scale bulking. 

The samples used for test were selected at random from the 
regular production, so that the variations are easily accounted 
for by the unavoidable slight differences in processing. Each 
sample represents in every test, however, a single diluted 
mixture of latex. 


Errect oF TIME THE TREES ARE IN TAP 


As mentioned before, the trees when first tapped after a 
rest period give a slower curing rubber than they do later. 
This point was checked to see if it still held true in the ac- 
celerated stock used for test. The area when the test was 
made was on a period system of alternate 6 weeks. A large 
number of tests was made, and only the averages of the 700 


580 SRT CE oe ERMINE NORE tt 
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per cent modulus are reported here as these are sufficient for 
rate-of-cure comparison: 


Time IN Tap AFTER Rest Mopuuwvs at 700% 
Kg./em.? 


Unfortunately no area was using the alternate-day system, 
so it was not possible to make a direct comparison. How- 
ever, it is not unreasonable to suppose that the product would 
be very uniform, except for seasonal variations. 


EFFectT oF ANTICOAGULANT 


Tests were made on rubber from latices which had been 
stabilized with ammonia, with sodium sulfite, and with form- 
aldehyde, and these were compared with rubber made from 
latex which had not been stabilized. The results of these 
comparisons are as follows: 


TENSILE Mopv.uvs at: 
Run STRENGTH ELONGATION 500% 


Kg./cem.? % Kg./em.2 
UNSTABILIZED 
800 
773 
800 
792 
AMMONIA 


800 
800 
800 
800 


FORMALDEHYDE 
775 
775 
800 
Av. 783 
The ammonia was added as an 18.5 per cent solution, using 
2 cc. per liter of latex. The formaldehyde was added in the 
form of a 40 per cent solution, using 1 cc. per liter of latex. It 
was neutralized before use. The same latex was used for a 
single run, dividing it into three parts. The figures are 
averages of several tests. 
A second series was run to observe the effect of sodium sul- 
fite on the rubber, as compared to the effect of ammonia. 
The results are as follows: 


TENSILE MODULUS AT: 
Roun STRENGTH ELONGATION 500% 
Kg./cm.? % Kg./cem.? 
UNSTABILIZED 
775 
775 
805 
785 
AMMONIA 


SODIUM SULFITE 
we 


305 
795 





532 


The ammonia, as above, was added as an 18.5 per cent 
solution, using 3 cc. per liter of latex. The sodium sulfite 
was added in the form of a 10 per cent solution, using 9 cc. 
per liter. 

These two series of tests show that both formaldehyde and 
sodium sulfite give a rubber with a lower rate of cure. Form- 
aldehyde is a very strong bactericide, and sodium sulfite a 
mild one. While it is true that free formaldehyde would react 
with the Captax in the test formula, and this would slow down 
the cure, it is doubtful if this is the case here. Rather, it is a 
prevention of maturation, which always produces a rubber 
with a slower rate of cure. 

The rubber from the first series was tested after aging the 
vulcanized sheet in the oxygen bomb in order to determine 
whether the anticoagulant had any effect on aging. The re- 
sults are as follows: 


Aagp 12 Days 1n OxYGEN 


OMB 
TENSILE Etonga- MOopv.uvs aT: Tensile Elonga- Modulus 
Curn* STRENGTH TION 500% 700% strength tion at 500% 
Min. Kg./cem.? % Kg./cm.? Kg./cem.? % 
UNSTABILIZED LATEX 

20 790 27 89 
30 760 30 105 
40 755 32 116 
60 745 37 129 
735 39 135 

AMMONIA-STABILIZED LATEX 

810 27 92 186 
775 30 108 
775 31 115 
735 37 128 
750 39 135 

FORMALDEHYDE-STABILIZED LATEX ° 

167 

89 175 

183 

112 188 

35 120 183 


@ At 126° C. 


b 2 cc. of 18.5 per cent NH,OH per liter of latex. 
€ 1 cc. of 40 per cent HCHO per liter of latex. 


There is no difference in aging properties of the samples; 
however, the vulcanized product made from the formalde- 
hyde-stabilized latex is not quite as desirable as the other two. 
The cure curve has too little “plateau.” It is possible, how- 
ever, that this might be corrected by compounding. It is 
evident that the use of anticoagulant is important. The use 
of formaldehyde should be permitted only if great care is 
exercised to see that an excess is not used. 


EFFEcT OF AMOUNT OF COAGULANT 


The effect of various coagulants was not studied, but a 
series of sheets was made using varying amounts of formic 
acid. The latex was diluted to 22 per cent dry rubber content 
in each case. No stabilizer was used. The results of the tests 
of the rubbers were as follows: 
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_ RusBER Test 
5% Formic AcID PER Tensile 
Liter Latex strength Elongation 


The rate of cure is fairly uniform over a considerable range 
of acid proportions, but, when the amount is very much in 
excess, the rate of cure is increased. This agrees with the 
findings of the Ceylon Research Scheme (1). 


Errect or Latex CoNCcENTRATION 


De Vries (11) found that the dilution of the latex had a 
marked effect on rate of cure. This was investigated using 
Captax as an accelerator. The results follow: 


LaTEx TENSILE Mopvuwvs aT: 
D. R. C. STRENGTH ELONGATION 500% 


% Kg./em.? % 

20 276 800 

15 203 800 27 
10 217 800 27 


The 20 per cent latex is faster in cure than the 15 or 10 per 
cent latex. This is a reasonable result, for the effect of soaking 
(as given later) shows that the natural accelerators are re- 
movable by water, and the greater dilution should thus re- 
move more nonrubbers in the serum. 


EFFECT OF COAGULATION PERIOD 


The longer a given coagulum stands, between acid addition 
and milling, the more maturation takes place and the harder 
and tougher it becomes. Thus not only is there a greater 
amount of natural accelerator present in a sheet which has stood 
for a longer period before milling, but because of the increased 
hardness and toughness it is harder to squeeze out the serum 
substances, and they are not as easily removed in the soaking 
process. The result is that the sheet is much faster in cure. 
In addition to this, the hardness of the coagulum requires 
much more power for milling. 

A series of tests was made to determine the relative curing 
properties of rubbers made from coagula milled as soon as 
possible and from coagula milled the following morning. 
The results follow: 

2-Hour CoaGuLaTION OvernicHtT CoaGuLATION 


Latex Tensile Elonga- Modulus at: Tensile Elonga- Modulus at: 
Mrx strength tion 500% 700% strength tion 500% 700% 


% Kg./cm.? Kg./cem.? 
800 
800 
800 


800 
800 


800 
800 





534 
EFFECT OF SOAKING SHEETS 


It is customary on most plantations to give all sheet rubber 
a soaking, or at least a rinsing, after the sheets are rolled and 
marked. This is done in order to prevent the development of 
“rust,” and to improve the appearance of the product. 

The effect of soaking is to remove the soluble and the water- 
dispersed nonrubber substances. Since this would have an 
effect on cure as shown by Eaton and Grantham (8), a series 
of tests was made to determine whether the results were 
similar in a Captax-accelerated stock. The following are 
averages of at least eight different runs: 


TENSILE MOopDvLUS AT: 
Period oF SOAKING Strencta ExroneatTion 500% 00% 


Kg./em.? 
None 


2 hours 
3 hours 
6 hours 
18 hours 


The rate of cure decreases very gradually with increased 
time of soaking. In order to produce a uniform sheet, a 
standard time of soaking should be maintained. It would be 
better to have this soaking period fairly long. For example, 
some sheets which had high initial differences in rate of cure 
were especially watched through a soaking period. The re- 
sults obtained showed that a sheet with a higher initial rate 
of cure decreased in rate of cure more rapidly than one which 
had a lower initial rate of cure. The results were as follows: 


Suet No. 1 Se Suzet No. 2 
Prerriop or Tensile Elonga- Modulus at: Tensile Elonga- Modulus at: 
Soakina strength tion 500% 700% strength tion 500% 700% 





None 121 
1 min, 9 1 93 
5 min. 800 91 

86 
90 
67 
72 
69 
18 hours 50 


The sheet which had been soaked overnight was much 
lighter in color after smoking than was the unsoaked sheet. 
It also was very resistant to molding, as no mold developed 
on it for months while hanging in the open air in the tropics. 
The unsoaked sheet developed mold in a few days. The 
soaked sheet when subjected to higher temperatures than 
usual for drying became tacky quickly, while the unsoaked 
sheet required a much longer time. 

The study of the effect of soaking also seems to show that 
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pale crepe rubber, which is washed thoroughly, would have a 
lower rate of cure than sheet; it is well known that such is 
actually the case. Similarly, pale crepe should be less suscep- 
tible to mold and should also become tacky at relatively low 
temperatures. These points have been well established, and 
it is also true that, generally speaking, pale crepe is more 
uniform in rate of cure than is sheet. 


EFFECT OF SHEET THICKNESS 


Eaton (6) has pointed out that the effect of soaking varies 
with the thickness of the sheet. Not only is the surface per 
unit volume greater, but the nonrubber substances may diffuse 
more from:the center of a thin sheet than from a thick one. 
Van Harpen (10) found that the rate of drying varies with the 
square of the thickness of the sheet. It is not unreasonable 
to assume that the same rule may hold for the removal of the 
nonrubber substances from the coagulum by soaking. 

There are several causes of variation in the thickness of 
sheet, assuming the rolls for milling the coagulum are set 
with a constant opening. The majority of the machines used 
are not too well constructed, with a result that the rolls may 
be forced wider apart with tougher coagulum, owing to play 
in the bearings or a springing of the rolls. There is also apt 
to be a difference in the slip between roll and coagulum, de- 
pending upon the condition and material of the roll, and on 
the toughness or hardness of coagulum. The hardness or 
toughness of coagulum may be varied by changing the dry 
rubber content of the latex and by changing the time interval 
between addition of coagulant and rolling the coagulum. The 
increase of dry rubber content makes the coagulum more 
dense. More rolling is required to bring the coagulum to 
the same thickness, while the length and width of the sheet 
are greater than that from a more dilute latex. The longer 
a slab of coagulum stands before rolling, the harder and 
tougher it becomes. This is caused by syneresis. Conse- 
quently, there is an optimum length of time between addition 
of coagulant and rolling; the coagulum should be firm enough 
to be rolled without splitting or tearing and yet soft enough 
that it can be easily rolled out to the proper thickness. The 
harder coagulum will require much more power to roll out as 
well as more machining to obtain the proper thickness. 


Errect oF DryiInc TEMPERATURE 


The temperature of the drying chamber has an effect on 
the rate of cure. This was first pointed out by Eaton (7) in 
his experiments with slab rubber. His tests were conducted 
at 160° and 130° F. (71.1° and 54.3°C.). The following com- 
parison shows the effect of raising the drying temperature 
from 40° C. (104° F.) to 50° C. (122° F.); the rubber used 
was pale crepe: 
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Daiep 30 Hours at 40° C. Driep 24 Hours at 50° C. 
Cure at Tensile Elonga- Modulusat: Tensile Elonga- Modulus at: 
126° C. strength tion 500% 700% strength tion 500% 700% 
Kg./cm.? 
105 16 
18 
21 
23 


In sheet manufacture the temperature must be held at 
such a point that blisters will not form from the excessively 
rapid evaporation of moisture. This temperature is depend- 
ent, among other things, on the thickness of the sheet. 
Thinner sheet may be dried at higher temperatures. The 
higher temperature decreases the maturation of the coagu- 
lum, and, because the sheet is thinner, the center becomes 
warmer in a shorter time. 


CoNCLUSIONS 
1. A comparison of the results of the present work with 
that of previous investigators shows that certain natural and 
processing variations have the same effect on a Captax- 
accelerated stock as they have on a rubber-sulfur stock. 
2. In attempting to produce a uniform sheet on a planta- 
tion the following points should be remembered: 


Latex should be blended so that the effect of the tapping 
system is minimized. 

Latex should be brought to a standard dry rubber content 
before coagulation. 

The anticoagulant and coagulant must be carefully controlled 
as to quality and quantity. 

The length of time between acid addition and rolling should 
be carefully standardized. 

The rolling equipment should be sturdily constructed and the 
rolls so fixed that they cannot be easily changed. 

The temperature of drying should be so fixed that it is always 
the same and at such a point that fuel consumption is at a 
minimum. 


3. The causes of variation are so many that unless every- 
thing is held absolutely constant, the product may vary in 
rate of cure as much as if nothing is done in the way of stand- 
ardization. 

4. While it is conceivable that a plantation may produce 
a uniform product for a short space of time through careful 
supervision, no amount of care in processing can entirely 
overcome the seasonal variation, or the variations due to 
rainfall and wind. It is not probable, however, that all plan- 
tations will be able to produce a material with the same rate 
of cure as all the others, for they must overcome variations 
caused by climate and geographical location as well as those 
caused by different types of all the manufacturing equipment 
of all kinds. 

The consumer of crude rubber must bear the burden of 
eliminating most of these variables by blending the crude 
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rubber just prior to use, for only at that time does the rubber 
accumulate in such a way that blending is economical. 
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The Chemistry of Soft 
Rubber Vulcanization 


III. Comparison of Vulcanized Rub- 
ber with Unmilled Crude Rubber 
Reclaims, and Unvulcanized Stocks 
Containing Stiffeners or Gas Black 


B. S. Garvey, Jrn., The B. F. Goodrich Company, 
Akron, Ohio 


measurement of vulcanization is complicated by the use 

of unmilled rubber (e. g., latex stocks), stiffeners, gas 
black, and reclaims. Therefore limitations in compound- 
ing were accepted and a standard method of processing was 
adopted. These limitations were accepted in recognition of 
the fact that compounds containing these materials show 
some properties akin to those of vulcanized rubber. For 
example, some crude rubbers have stress-strain character- 
istics almost identical with those of certain types of vulcani- 
zate. Uncured gas black stocks likewise show some of the 
characteristics of vulcanized rubber, and the reénforcing 
action of gas black is sometimes spoken of as a sort of vul- 
canization (2). Such limitations are desirable only if it can be 
shown that the phenomena excluded are different from those 
being studied. 

The experiments? reported in this paper show how the 
tough, hard, crude rubbers can be differentiated from vul- 
canized rubber and how the effect of gas black and stiffeners 
can be differentiated from that of vulcanization. The 
generally accepted view that reclaims are distinct in character 
from either vulcanized or unvulcanized rubber is supported 
by this investigation. The experiments also show why it 
is desirable, for the present, to exclude these materials from 
the compounds used to study vulcanization. 


[: PART I (1) of this series! it was pointed out that the 


CrupE RUBBER 


Moderately milled crude rubbers showed no signs of vul- 
canization by any of these tests. They gave results similar 
to those of unvulcanized rubber-sulfur compounds (1). With 
tough crude rubber which was unmilled, or only slightly 


1 Part II appeared in Inp. Ena. Cuem., 25, 1292 (1933). 
? The tests used were described in detail in the previous paper (1). 
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milled, the properties were in some respects very similar to 
those of milled rubber which had been slightly vulcanized. 
The test data for four such rubbers are given in Table I. 

In the hot water test, crude Para and sprayed latex did 
not break. After slight mastication all crude rubbers broke 
in this test. On the mill, tough crude and very slightly 
vulcanized milled rubbers behaved much the same although 
differences were readily detected in samples in which vul- 
canization had progressed a little farther. The values for 
thermoplasticity, hysteresis set, and hysteresis/set modulus 
for crude rubber are about the same as those for very slightly 
vulcanized rubber. The tensile strength and modulus figures 
for crude rubber, on the other hand, sometimes reach values 
which can be attained with milled rubber only after a rather 
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high degree of vulcanization. In fact some stocks which 
were fairly well vulcanized when judged by all other tests 
showed tensile values lower than those for crude hard Para 
or sprayed latex rubber. Apparently tough crude rubbers 
cannot be distinguished from slightly vulcanized rubbers 
by any of these tests. 

The retentivity softness relations at 30° and 100° C., 
however, differentiate sharply between tough crude and 
scorched rubbers. This is shown by Figures 1 and 2. The 
slope of the curve for crude rubber is considerably less, and 
it increases when the rubber is milled. The slope of the curve 
for the slightly vulcanized sheets is considerably greater and 
it decreases when the rubber is milled. 

By this relation tough crude rubber can be classified 
positively as unvulcanized in spite of the similarity of some 
of its properties to those of scorched, milled rubber. 
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STIFFENERS 


Stiffeners, such as benzidine and magnesia, were added to 
crude rubber with varying degrees of milling. The following 
compounds were tested: 


1. First latex crepe, 100; benzidine, 1. The stock was mixed 
on the mill with light mastication of the rubber. It was also 
tested after remilling for 10 minutes. 

2. Smoked sheets No. 1, 100; benzidine, 1. The stock was 
mixed on a very hot mill with minimum mastication of the 
rubber and a tensile sheet molded 30 minutes at 105° C. 

3. Smoked sheets No. 1, 100; light calcined magnesia, 1. 
The stock was mixed in an interna] mixer with minimum mastica- 
tion of the rubber. It was also tested after being remilled for 10 
minutes. 

4. Smoked sheets No. 1, 100; light calcined magnesia, 1. 
The stock was mixed on a very hot mill with minimum masti- 
yr of the rubber and a tensile sheet molded 30 minutes at 
105° C. 
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In all the tests these stocks gave results like those obtained 
with crude rubber which has been milled to some extent. 
Since the most sensitive test for vulcanization appears to be 
retentivity-softness curve, this is shown in Figure 3 for 
several stocks with stiffeners added. It will be noted (com- 
pare with Figures 1 and 2) that these curves are those for 
crude and not for vulcanized rubber. 


Gas Buack 


With low loadings of black the stocks did not resemble vul- 
canized rubber but with higher loadings they did in some re- 
spects. In Table II data are given for a factory-mixed 
master batch containing 50 parts by weight of black on 100 





TaBLe I. VULCANIZATION TESTS ON UNMILLED CrupDE RUBBER 
QUALITATIVE TESTS ——————P.asticity TrEsts - Hysteresis Tests———~ —~——Stress-Strain Tests—— 
Solu- p2 Modulus Modulus 
Ice Hot Mill- bil- 100 Set/ at Ultimate 
RuBBER water water ing ity Rw Sx S100 Px Set modulus 500% tensile 

Q- Lb./ Kg./_ Lb./ 

: : m. in.? cm.? in.? 
Hard Para 0 1 ‘ . 904 1125¢ 
Smoked sheets 0 1 ’ : , 1302 
Crepe 0 1 ; : 1002 
Sprayed latex 0 1 ‘ m : . ; 100% 


@ Measurements suitable for use without the others. 
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TaBie II. VuLcANiIzATION TEsTs ON Gas BuaAck Stocks 


(A, rubber 100, gas black 50, factory mixed; B, rubber 100, gas black 50, sulfur, 3) 


QUALITATIVE Fn ag Puasticity TEsts Hysteresis TEsts Srress-Strain Tgests—— 
olu- 


Modulus Modulus 
Curgat Ice Hot Mill- bil- at Set/ at Ultimate 
Stock 142° C.* water watering ity Rao Rioo S30 Sio0 Px P00 Set 300% modulus 500% tensile 
Kg./ Lb./ Kg./ Lb./ Kg./  Lb./ 
cm.? in.? Kg. Lb. cm.2— in.? cm.? in.? 
A None 
30 


240 


195> 9.1 1305 21.4 1.505 19.35 275 28 4006 
1855 12.2 1746 1.066 325 30 4256 
1605 18.4 2626 0.646 400 5006 
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of rubber. In the ice water, hot water, and milling tests the 
behavior was that of milled crude rubber. The solubility 
was that of a well-vulcanized rubber. The plasticity data 
were confusing and showed only that, if the gas black had any 
vulcanizing action, it was very small. The hysteresis set 
values were in the range given by milled crude rubbers. The 
modulus at both 300 and 500 per cent elongation was con- 
siderably higher than those found for any crude rubber and 
the tensile strength was much above that of milled crude 
rubber. 

The same gas black master batch was then heated with 
3 parts of sulfur so as to vulcanize the rubber slightly. The 
testing data are given in Table II. As compared with the 
unvulcanized master batch, marked differences were noted 
in the hot water test, the behavior on the mill, plasticity 
factors, set, modulus, and tensile strength. 
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RECLAIMS 


Four types of reclaim were tested: (1) whole tire reclaim, 
alkali process, rubber value (estimated rubber content) 50 
per cent; (2) tube reclaim, heater process, rubber value 62 per 
cent; (3) tube reclaim, special process, rubber value 68 
per cent; and (4) boot and shoe reclaim, acid process, rubber 
value 38 per cent. The testing data are given in Table III. 

The ice water test and solubility indicate a fairly high de- 
gree of vulcanization. In the hot water test these reclaims 
were similar to unvulcanized rubber. In the milling test a 
special class, 6, was necessary for the classification of re- 
claims. They behaved quite differently from crude rubber. 
They were all sticky, especially on a hot mill, and were either 
grainy and short or rough and nervy. The plasticities and 
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thermoplasticities were mostly in the range of crude rubbers 
or slightly vulcanized rubbers. The hysteresis set and set/ 
modulus values are in the range of slightly vulcanized rubbers 
as are the values for modulus and tensile strength. 

The retentivity-softness relations were different from those 
for either vulcanized or unvulcanized rubber as is shown by 
the curves in Figure 4. 


DISCUSSION 


Some of the tough crude rubbers resemble milled rubber 
with a rather high degree of vulcanization with regard to 
tensile and modulus characteristics. However, their be- 
havior on the mill, solubility, plasticity, and hysteresis set 
are similar to those of milled rubber which has been only 
slightly vulcanized. Behavior on the mill, hysteresis set, 
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and plasticity are all similar in that they involve what might 
be called the “flow characteristics” of the rubber. Com- 
paring milled vulcanized rubber with tough, unmilled, crude 
rubber it is seen that the relation between the solubility and 
flow characteristics and the tensile properties are quite dif- 
ferent. It has been shown that the two types can be sharply 
differentiated by the retentivity-softness relations. In the 
case of the slightly vulcanized rubber the effect of raising 
the temperature is predominantly to increase the softness with 
‘ comparatively little effect on the retentivity. With crude 
rubber, on the other hand, raising the temperature causes 
a considerable increase in the retentivity. 

In the earlier paper (/) the characteristics of vulcanized rub- 
ber were attributed to a mechanical structure developed by 
chemical reactions in the hydrocarbon. Similarly the pe- 
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culiar properties of unmilled rubber may be attributed to a 
“crude rubber structure.” This structure appears to be es- 
sentially different from the vulcanized structure. 

The data indicate that stiffeners help to retain the crude 
rubber structure or possibly to build up a similar one. No 
evidence was found to show that they act as vulcanizing 
agents. 

Reclaims obviously differ from both crude rubber and from 
unreclaimed vulcanized rubber. The softeners and pigments 
present undoubtedly have considerable effect on the results 
obtained in some of these tests. The experiments seem to 
indicate that, during reclaiming, the vulcanized structure 
is partly broken down and the flow characteristics are in- 
creased by softeners added or formed during the process. 

When uncured gas black stocks are compared with vul- 
canized rubber in a similar manner, it is found that the 
black stocks resemble unvulcanized rubber in their behavior 
on the mill, and in the hot water and the hysteresis set tests. 
These are all “flow characteristics.”” The solubility and 
modulus are similar to those of well-vulcanized rubber while 
the tensile strength is similar to that of slightly vulcanized 
rubber. Here is a combination of properties which is different 
from that in either vulcanized or crude rubber. It seems, 
therefore, that there exists here a third type of structure, 
the “pigment structure.” Investigators who have studied 
the reénforcing action of gas black generally attribute the 
effect to interfacial phenomena between the individual pig- 
ment particles and the rubber matrix (3). 

There are, therefore, at least three distinct types of struc- 
ture: (1) a crude rubber structure, possibly having its origin 
in the latex particles; (2) a pigment structure established by 
interfacial phenomena between the hydrocarbon and the 
pigment particles; and (3) a vulcanized structure built up 
within the hydrocarbon by chemical reaction. Each of these 
three structures causes distinctive combinations of solubility, 
flow characteristics, and tensile properties. 
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Phioform—A New 
Molding Resin 


Chemical Reactions of Rubber and 
Plioform 


H. R. Tures anp A. M. Cuirrorp, The Goodyear 
Tire & Rubber Company, Akron, Ohio 


to the consideration of rubber as a raw material upon 

which to effect transformation into substances pos- 
sessing the properties of resins. Harries (20) in 1910 attempted 
to transform rubber into gutta-percha by means of sulfuric 
acid and obtained an inelastic product which he considered 
a more highly polymerized form of rubber. He followed a 
logical procedure because nature provides the hydrocarbon 
(C;Hs)z in a variety of forms, of which rubber is the most 
common. Balata and gutta-percha, empirically the same 
as rubber, closely resemble resins in being thermoplastic. In 
all these forms of the hydrocarbon (C;Hs)z the simple 
building unit nature has chosen is isoprene (8-methyldiviny]l) : 


. 
CH,—C—CH=CH; 


By some unknown processes of nature, hydrocarbons of high 
molecular weight are built from this unit group; such 
hydrocarbons possess relatively fewer double bonds and are 
therefore less unsaturated than isoprene. In rubber there 
exists one double bond for each C;Hs group, but up to the 
present time the number and manner in which these groups 
are united is not precisely known. It has been shown in 
recent investigations by Pummerer and his co-workers (41) 
that up to 95 per cent of the carbon skeleton of rubber has 
been accounted for in the ozone cleavage products; yet 
these authors feel their results are still insufficient to prove 
whether the rubber molecule exists as a long chain or a large 
ring. In any case the rubber hydrocarbon can be expressed 
simply as: 


: | YOR many years the attention of chemists has been drawn 


ae 
—CH.—C=CH—CH.— z 


It is of interest to note that, for the preparation of syn- 
thetic rubbers as well as certain resins and plastics, there 





Vinyt Compounp ForMULA PoLYMERIZATION PrRopucT 
Isoprene (methyldivinyl) CH2 
cH.—b—cH=CH; 
Butadiene (diving) CH:=—CH—CH=CH: Synthetic rubbers 
8, y-Dimethylbutadiene (dimethyldiviny]) CH:=C—C=CH: j 


Vinylacetylene (36) HC=C—CH=CHs: Drying oils, hard resins 
Divinylacetylene CH,=CH—C=C—CH=CH—CH=CH: Viscous liquid, brittle resins 
Chloroprene (9) (chlorodivinyl) CH;==C—CH=CH: Polychloroprene resembles soft vulcanized rubbers 


by 


Chloro-2-methyl-3-butadiene (8) (methylchlorodivinyl) CH;==C—C=CH Rubber-like polymers 


Vinyl chloride 
Vinyl alcohol 
Styrene (vinylbenzene) CH:=CH—CeHs 


Thermoplastic vinyl resins 


Vinyl bromide (37) \ 
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have been utilized as the starting materials compounds pos- 

sessing a close structural relationship to the structural unit 

of rubber, and containing the vinyl grouping—C—CH:. 
| 


R 
In all cases products of high molecular weight are obtained by 
polymerization processes. This will be understood by com- 
parison of the vinyl compounds tabulated below. 

In the recent investigations of Nieuwland (36) and Car- 
others (9), intermediate polymerization products of vinyl- 
acetylene and derivatives are found to be viscous liquids, 
or, as in the case of chloroprene, rubber-like, while apparently 
products of still higher molecular weight may be formed 
which possess the properties of resins. 

Rubber itself, as pointed out previously, may be trans- 
formed into hydrocarbons of distinctly different character, but 
of the same empirical composition. These transformations, 
whether of rubber or of the other vinyl derivatives leading 
to the formation of resinous products, are accompanied by 
a decrease in the unsaturation of the molecule involved. 

The reactions of the rubber hydrocarbon leading to the 
formation of resinous and thermoplastic products, and 
finally to the development of Plioform, are, in the main, 
addition reactions, and the intermediate or final products 
generally are amorphous substances of high molecular weight 
which range from colorless to dark brown. Their solubility 
behavior, as well as other physical properties, depends on the 
type of reagent used and often on the conditions under which 
the reaction is effected as well. 


AppITION OF HypROGEN TO RUBBER 


The successful hydrogenation of rubber is a relatively 
recent accomplishment. Berthelot (2) claimed by the action 
of hydrogen iodide to have obtained paraffinic hydrocarbons 
boiling above 350° C. (662° F.). Unsuccessful attempts 
at catalytic hydrogenation with platinum black were made 
by Harries (23) and Henrichsen (25). Pummerer and Burk- 
hard (40) successfully hydrogenated purified rubber hydro- 
carbon over activated platinum black. They operated with a 
dilute solution of 0.2 to 0.6 per cent concentration in hexane 
or methyleyclohexane. The hydrorubber analyzed for 
(CsHw)z. It was colorless and formed colloidal solutions in 
ether. 

Staudinger and Fritschi (48) reported almost simultane- 
ously with Pummerer and Burkhard the hydrogenation of 
rubber with platinum black incorporated without a solvent. 
The reduction was carried out at about 270° C. (536° F.) 
with 100 atmospheres’ pressure. Their product also analyzed 
for (CsHo)z. Staudinger showed that, on heat decomposition, 
hydrorubber yields 5 per cent of CH-=—CH—CH:—CHs, along 


‘CH; 
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with other olefins. Staudinger and Feisst (47) hydrogenated 
purified rubber of molecular weight 70,000 over active nickel 
at 180° to 200° C., and 100 atmospheres in methylcyclohex- 
ane. The product showed a molecular weight of 32,000 to 
35,000 (viscosity measurements), and was completely satu- 
rated and somewhat elastic. 

The properties of the hydro rubbers vary according to the 
treatment given the rubber and the conditions of hydro- 
genation. They are generally much less elastic than rubber, 
form colloidal solutions in benzene, ether, or chloroform, and 
behave chemically as saturated hydrocarbons, 


REACTIONS OF RUBBER WITH HALOGENS AND DERIVATIVES 


The halogens react readily with rubber. In the case of 
chlorine the reaction is so vigorous that substitution as well 
as addition occurs, in an uncontrolled temperature reaction 
(35). Ostromislenski (39); using a 9 per cent solution of 
chlorine in carbon tetrachloride, chlorinated purified rubber 


60 
TEMPERATURE IN DEGREES FAHRENHEIT 
Figure 1. Snore Harp RuvusBBeErR 


DuroMETER HARDNESS vs. TEMPERA- 
TURE 


at 0° C. and claims to have obtained a compound (C;Hs- 
Clk)s. 

Bromine adds to rubber without substitution when the 
temperature is kept low. The product, (C;HsBr2):, is a 
white amorphous solid, soluble only in the simple halogenated 
solvents. It is stable toward mineral acids. 

Iodine reacts with rubber, but the products are less definite. 
Iodine chloride (28), as well as bromine, has been used for 
quantitative estimation of the rubber hydrocarbon. 

The halogen addition compounds of rubber have been found 
capable of reacting with phenols, forming ring substitution 
products (15, 18, 52). The products form colloidal solutions 
in benzene with no depression of the freezing point; x-rays 
exhibit characteristic amorphous rings. 


REACTIONS OF RUBBER WITH HypROGEN HALIDES AND 
DERIVATIVES 


Reaction of the hydrohalides on rubber results in definite 
addition products, (C;HsHal)., (21, 51). Hydrogen chloride 
is the most reactive. The reaction can be accomplished under 
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anhydrous conditions in chloroform or carbon tetrachloride 
solution. Rubber hydrochloride is white and, after stand- 
ing, becomes hard and brittle. It is soluble in chloroform and 
halogenated solvents but relatively insoluble in alcohol, 
ether, benzene, and carbon disulfide. The solutions on evapo- 
ration deposit tough, transparent films. The hydrochloride 
has a tendency to lose hydrogen chloride, a change which 
can be brought to completion by heating with pyridine under 
pressure (12). The resulting product, called ‘alpha-rubber,” 
is less elastic than natural rubber. 

Zinc dust reacts with rubber hydrochloride (24, 50) to 
form a white, hard thermoplastic material much less un- 
saturated than rubber but still analyzing satisfactorily for 
(C.Hs)z. It is presumed to be a polycyclorubber. With 
the zinc alkyls Staudinger and Widmer (49) obtained from 
the hydrochloride, alkyl hydrorubbers: 


CH; 


| 
—CH,;—C—CH,;—CH;— 


| 
alkyl x 


REACTIONS OF RUBBER WITH ORGANIC HALIDES 


Kirchhof (30) obtained by treatment of a solution of 
rubber and benzyl chloride in an inert solvent with aluminum 
chloride (cooled) a reaction liberating hydrogen chloride and 
forming a white, brittle, amorphous solid. The product is 
insoluble in organic solvents. It is thermoplastic at 100° C. 
and inert toward halogens and oxygen. Analysis indicates 
the formula (CogHos)z. 


REACTIONS OF RUBBER WITH OxXYCHLORIDES 


The acid-forming oxychlorides react generally with rubber 
by addition. 

Chromyl chloride gives a definite compound, (C,Hs-- 
CrO.Cl,)z, analogous to the types formed by the action of 
chromyl chloride on the terpenes (44, 45). The product 
is a dark brown powder, insoluble in organic solvents and 
decomposed by water. 

Phosphorus oxychloride reacts with rubber in inert sol- 
vents. The product is thermoplastic and its solutions leave 
transparent films (27) on evaporation of the solvent. 

Selenium oxychloride was shown by Lehner (32) to react 
with rubber. Frick (17) undertook a quantitative study of 
the reaction of both natural and synthetic rubbers. The 
products are insoluble, amorphous, yellowish white sub- 
stances, devoid of elasticity. Analysis shows 23 to 27 per 
cent combined selenium and 24 to 26 per cent chlorine. 


REACTIONS OF RUBBER WITH NITROGEN COMPOUNDS 


The rubber hydrocarbon reacts with nitric acid, nitrous 
acid or nitrogen trioxide (N2Os), nitrogen tetroxide (N20,),or 
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various nitroso compounds such as nitrosobenzene, and tetra- 
nitromethane. 

Nitric acid reacts vigorously with rubber, forming a solu- 
tion which on dilution with water yields a yellow precipitate. 
Both Ditmar (10) and Harries (19) have studied the reaction. 
The products are somewhat unstable; hence, nothing definite 
is known at present concerning their structure. Among the 
oxidation products always formed are various acids, in- 
cluding oxalic. Fisher (14) has likewise obtained a product 
which he suggests may be a nitropolycyclorubber. 

Nitrogen trioxide yields an unstable yellow powder, soluble 
in acetone and ethyl acetate, and insoluble in benzene. 
Harries’ ‘‘Nitrosite C’”’ (22) has been adapted to quantita- 
tive estimation of rubber hydrocarbon. 

Nitrogen tetroxide converts rubber into products similar 
to Harries’ Nitrosite C. Investigations by Emden (11) 
indicate that oxidation and addition both occur, yielding a 
product agreeing with the composition CyoHisN2Os. 

A reaction involving the addition of nitroso compounds to 
the rubber hydrocarbon was discovered by Allesandri (1) 
and studied by Bruni and Geiger (3). Nitrosobenzene was 
added in benzene solution to a solution of rubber in benzene, 
in the ratio of 3 moles per C;Hs group. The product pre- 
cipitated by petroleum ether is a powder, decomposing at 
135-40° C. The solutions are colloidal. It may be repre- 
sented as: 


CH: 
_cH,—C—C_cH, 
| ie 
CoH; 


With tetranitromethane, Pummerer and Pahl (42) ob- 
tained a stable addition product of rubber which they indi- 
cated partially by: 


Bd 
O=N—O C(NO:)s 


The products from various rubbers are insoluble, amor- 
phous powders turning yellow at 150° C., brown at 175°, 
and finally charring. 


DERIVATIVES OF RUBBER AND THIOCYANOGEN AND THIO- 
GLycoLic AcIp 


It has been shown by Bruson and Calvert (6) that thio- 
cyanogen, (SCN)s:, adds directly one mole to isoprene or di- 
methylbutadiene, yielding nicely crystalline derivatives. 
The same reaction has been applied to rubber by Pummerer 
and Stark (43) as a method of determining unsaturation. 
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Holmberg (26) reacted rubber with thioglycolic acid in the 
hope of obtaining water-soluble addition products. A water- 
soluble sodium salt of acid, the composition of which corre- 
sponds closely with (C;HsySCH,COOH)., was obtained. 
From the aqueous sodium salt solution, hydrogen chloride 
precipitates a white, plastic, somewhat elastic mass. After 
drying, the product is a vitreous mass, convertible by heating 
to 75-80° C. (167-176° F.) into a tough, viscous material. 
The product dissolves in warm alcohol, from which by evapo- 
ration a sticky rubber-like residue is obtained. 


REACTIONS OF RUBBER WITH SuLFuRIc AcIp, CHLORO- 
suLFoNIc Acip, ORGANIC SULFONIC ACIDS 


It has been known for many years that sulfuric acid has a 
profound effect upon the properties of rubber. As early as 
1781 Leonhardi (33) observed the formation of a tough, 
brittle, nonelastic substance. Mention has already been 
made of Harries’ observations (20). Marquis and Heim 
(34) obtained conversion products by operating in chloro- 
form solution. The product was a white amorphous powder 
soluble in chloroform and benzene. Kirchhof (31) has 
shown that the sulfuric acid rubbers are less unsaturated 
than rubber itself and postulated internal ring formation 
or cyclization. 

Much work has been done by Fisher (13) on transformation 
of rubber into thermoplastic, moldable products by treatment 
with sulfuric acid and sulfuric acid derivatives. The rubber 
is treated on a mill with concentrated sulfuric acid or sulfonic 
acids, and the mixture is heated. Partial oxidation occurs. 
The products vary in their solubility in benzene, depending 
upon the reagent and the manner of treatment. Numerous 
compounds were tried, including chlorosulfonic acid, toluene 
sulfonyl chloride, and other sulfonyl chlorides, including 
aliphatic types, toluene sulfonic acid, phenol sulfonic acid; 
generally, aromatic sulfonic acids were effective except 
those containing amino groups (sulfanilic, etc.). Also, 
aliphatic sulfonic acids as well as the dialkyl sulfates (16) 
react regularly. 

The benzene-soluble type of product, called ““Thermoprene 
SL” (shellac type), upon purification was found to analyze 
properly for (C;Hs)z, and to be 55 to 60 per cent as un- 
saturated as rubber. Fisher believes this change to a lesser 
degree of unsaturation is due, as pointed out by Ostromis- 
lenski (38), Kirchhof (29), and Staudinger (46) to cycliza- 
tion. 


REAcTIONS OF RUBBER WITH STaNNic CHLORIDE, FERRIC 
CHLORIDE, Boron Fivorme, CHLoRosTannic Acip, Etc. 


Bruson, Sebrell, and Calvert (7) obtained direct addition 
products of rubber when anhydrous solutions of the latter 
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were treated with stannic chloride, titanium tetrachloride, 
ferric chloride, or antimony pentachloride. The addition 
products are highly colored and fairly stable in dry nitrogen, 
but split off the metal halide when treated with alcohol or 
acetone, yielding the hydrocarbon (C;Hs)z as a white amor- 
phous powder. The addition products from stannic chloride 
analyze properly for (C;sHs);SnCl. Two products are formed 
in approximately the same ratio as the two phases of the 
original rubber, the benzene-soluble product being derived 
from the ether-diffusible portion of rubber. The soluble 
conversion product is a white, amorphous powder. Solutions 
evaporated deposit transparent, colorless films. The soluble 
isomer softens at 220° to 225° C. and melts (decomposes) 
at 280°. The insoluble isomer is a white, fibrous, inelastic 
substance. It sinters at about 255° and decomposes above 
300° C. The product is much less readily oxidized in air 
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Figure 2. Srress-STrAIN CuRVES FOR PLIOFORM AND A 
TypicaL TREAD ComMPouND 


than the soluble isomer. Both products possess the capa- 
bility of recombining with stannic chloride to reform the 
intermediate addition compounds. 

Boron fluoride and fluoboric acid (5) may be added directly 
to rubber and worked on a mill at elevated temperatures to 
yield thermoplastic, moldable, conversion products. 

Finally, halogenated acids of tin, such as chlorostannic 
acid (H,SnCl,6H,O) or chlorostannous acid (HSnCl;-3H.0) 
react readily with rubber, as shown by Bruson (4). The 
reaction may be accomplished by direct addition of approxi- 
mately 10 per cent of the reagent to rubber on a mill or to a 
solution of rubber in benzene. The products contain a certain 
proportion of bound chlorine, depending upon temperature 
of the reaction and other conditions. 

The conversion products from these reagents may be made 
to vary from balata-like substances. to exceedingly hard 
materials resembling ebonite. With certain adaptations 





Plow O11ZIU (pezwsZUs0NO0D [BIoJeUIUIOD) yueD ed ZZ “W 
ploe o1z1u yueo ed ¢g ‘Gg ploe o11j1u yueo Jed OG “g 
plo’ o1sztu yueo wed gg ‘9 Plow ol1jtu yUue0 Jed EF “VY 
GIDY OIMLIN] AO SNOLLVULNAONOT) SNOLIUVA NI SHNOF 
c¢ HOd (LHOI C6Z°[ ‘ALIAVYS) Olal0dd' ugadny GuVAR GNV (La WuOAOrIT “ON] NO NOISHYSWWT JO Logs’ “§ AUN! 
VG 5 


| ad . a qd V 





555 


these are the essential features of the process by which 
rubber is converted into Plioform resin. 


CHARACTERISTICS OF PLIOFORM RESINS 


It is possible to produce a number of grades of resin in 
so far as the physical properties are concerned. Almost all 
of these grades have certain properties which are common 
to the whole group, with variation in only a few character- 
istics. These resins, as a whole, are true thermoplastics; 
they are inherently resistant to most acids, all alkalies, and 
solvents of the acetone type; they are universally soluble in 
solvents of the gasoline or benzene type. Their resistance 
to moisture and their excellent electrical properties apply 
to the whole group. This group of materials is universally 
odorless and tasteless. The various resins differ, however, 
in the temperature at which they become deformable and in 
such properties as impact strength and flexural strength. 
It is uniformly true that resins which lie in the lower range 
of softening points are tough and nonbrittle, while the resins 
which lie in the higher range of softening points tend to be- 
come brittle and easily breakable. Experimentally, this 
range of temperature runs from 120° to approximately 220° F. 

It has been found that most commercial applications for 
this type of molding resin can be filled with two grades of the 
material. In applications where a tough, nonbrittle product 
is wanted, Plioform (the commercial name for these resins) is 
furnished in a grade which shows distortion under heat at 
approximately 175° F. In applications where heat re- 
sistance above the boiling point of water, such as steriliza- 
tion, is desired, a second grade is furnished which possesses 
a distortion point of approximately 220° F. 

Using these two grades as raw material, the method of 
fabricating articles from them is that common in the well- 
known use of any thermoplastic. The molding powder, or 
preform, is introduced into the heated mold and formed to 
the desired shape under pressure. Depending upon the type 
of resin employed, the mold temperatures may vary from 
260° to 310° F., and the molding pressure from 1000 to 3000 
pounds per square inch. As soon as the article is formed, the 
mold is cooled and, when the surface temperature of the 
molded article is approximately 100° F. below that of the 
molding temperature, it is possible to open the mold and 
remove the piece. 


CoMPARISON WITH RUBBER 


Plioform’s behavior is interesting in so far as its softening 
point is concerned. If one uses the Shore hard-rubber 
durometer reading as an indication of softening of the material 
and studies the behavior of Plioform over a range of tem- 
peratures, it is found to differ from the usual vulcanized 
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rubber product in that the softening point appears sharply 
and at a lower temperature than with vulcanized rubber. 
In ordinary vulcanized rubber practice, one considers the 
ratio between durometer reading and temperature as a fairly 
straight-line function until quite high temperatures are 
reached; that is, the hardness of the stock uniformly de- 
creases as the temperature is raised. The behavior of Plio- 
form in this respect is quite different in that there is no 
marked decrease in hardness during the initial rise of tem- 
peratures until one reaches the region of the softening point. 
When this region has been reached, there is a sharp decrease 
in durometer hardness with small temperature rise. In 
other words, the behavior of Plioform resin more nearly 
approximates the behavior of a chemical compound possessing 
a melting point than does ordinary vulcanized soft or hard 
rubber (Figure 1). 

Another interesting difference in behavior between these 
resins and the usual products with which a rubber tech- 
nologist is familiar is the behavior in milling. In the process 
of manufacture, Plioform resin is milled just as rubber is 
milled, but there is a remarkable difference in behavior be- 
tween the two substances during this milling operation. 
Pale crepe rubber mills at a temperature somewhat under 
212° F., and factory practice has shown that the power 
consumption of crude rubber is approximately one horse- 
power per inch of mill; that is, a 60-inch mill requires 60 
horsepower to mill a batch of rubber, while an 80-inch mill 
requires 80 horsepower for the same operation. When 
Plioform is milled, the milling temperatures are exceedingly 
high, sometimes reaching 325° F., and power consumption 
studies have shown that a figure of 5 horsepower per inch of 
mill length under these conditions is more nearly representa- 
tive of its power consumption. This behavior gives an idea 
of the toughness of the resins of this type. 

It is also interesting to compare the physical properties of 
a Plioform resin with those of a first grade, rubber tread 
stock. Assuming that both have an ultimate tensile strength 
of 5000 pounds per square inch, the stress strain curve of the 
two, of course, is vastly different. Tread stock will possess 
an elongation of some 500 or 600 per cent before reaching its 
breaking point, while the Plioform stock possesses practically 
no elongation. The curves of Figure 2 illustrate this remark- 
able difference. 

A fourth comparison between Plioform resins and the better 
known rubber products is presented in Figure 3. In making 
this test, bars of Plioform and hard rubber (specific gravity, 
1.29) were made 0.5 X 0.5 X 2 inches in size, and were 
immersed in various concentrations of nitric acid. As shown 
in Figure 3, after 24 hours of immersion nitric acid of 43 
per cent concentration had no effect upon the Plioform 
bar but had caused the hard rubber bar to soften and distort 
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to approximately twice its original dimensions: Increasing 
concentrations of acid further brought out this difference. 
At 58 per cent there was some effect upon the surface of the 
Plioform bar, in that it was slightly discolored, but there 
was no evidence of action by acid on the resin. Nitric acid 
of 65 per cent concentration showed slight action and con- 
siderable discoloration, while the commercial concentrated 
nitric acid showed a pitting action on the surface of the Plio- 
_ form bar. These tests may not be of practical value because 

the authors are not, as yet, ready to recommend the use of 
Plioform in 50 per cent concentrated nitric acid, but the 
results of the tests are given to show the decided difference 
in behavior between Plioform and hard rubber under these 
severe conditions. 

Another interesting comparison of Plioform with hard 
rubber was in cold flow. The allowable limit on hard rubber 
for electrical purposes, as measured by one large telephone 
company’s laboratories, is 0.001 inch per half-inch length 


Fa 


ot1t2sees6768686BRwW Ro KhHRBRA S 
DAYS IMMERSION 


Ficure 4. ABSORPTION OF WATER BY PLIOFORM 
100-gram (3.5-ounce) sample, !/s inch thick 


under 2000 pounds pressure per square inch with the test 
piece at 120° F. for 24 hours. Under these test conditions 
Plioform No. 40’ possesses a cold flow of 0.00035 inch per inch 
—a 200 per cent factor of safety over hard rubber. 

It has long been the hope of rubber men to produce a 
colored hard rubber. These resins seem to be the answer 
to this ambition. Although they contain no sulfur or sulfur- 
bearing ingredients, they might well be taken for hard rubber 
in so far as their behavior is concerned in a number of appli- 
cations. They differ from hard rubber in that they are 
thermoplastic and that there is a wide range of colors avail- 
able; the resin possesses slight limiting effect upon the color 
possibilities. Its light amber color can be utilized in compound- 
ing and formulating a large number of delicate shades in 
transparent, translucent, pearlescent, and opaque colors. 

Another property in which Plioform resins resemble 
rubber is their behavior in solution. It is well known that, 
by milling crude rubber, the solution viscosity of the rubber 
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is reduced. ‘For example, a rubber cement containing one 
pound of unmilled rubber per gallon is much thicker and more 
viscous than is arubber cement which contains one pound per 
gallon of thoroughly milled rubber. This behavior is just as 
true in the case of Plioform resins. Considerable work has 
been done on using solutions of Plioform to impregnate 
fibers of various kinds. In this work it has been found that 
milled, or even overmilled, Plioform will give high-concentra- 
tion and low-viscosity solutions. These solutions also pos- 
sess the interesting property of thorough impregnation of 
fibers. In fact, in the usual concentrations such mixtures so 
thoroughly impregnate the fibers that an insufficient amount 
of resin remains on the surface to laminate piles of fabric suc- 
cessfully, for example. It is just as true that unmilled Plio- 
form solutions do not impregnate particularly well but do 
thoroughly cover the surface of any material that is treated 
with them. Therefore, for impregnation work the most desir- 
able method is to use milled or overmilled resin for the first 
dip and to follow this immediately by passing the material 
through a solution of unmilled resin. This process gives 
thorough impregnation of fibers and sufficient resin on the 
surface to accomplish an excellent method of fiber covering. 
Sheets so prepared can then be stacked, one on top of the 
other, and molded in the manner common to thermoplastic 
materials, to obtain a laminated sheet of the desired thick- 
ness. 


LAMINATED SHEETS 


A large number of highly decorative panels has been 
prepared in this manner. Aside from the decorative purpose 
it would seem that these panels should be of considerable 
interest commercially because of their low moisture absorp- 
tion and their ability to stand up in acid and alkaline solu- 
tions. The regular A.S. T. M. test consists of utilizing a slab 
of laminated material 1 inch by 3 inches in diameter, filing 
the edges of this slab, and immersing it in water for a given 
period of time. A comparison of this sort made on a four- 
ply, 8-ounce, fabric-laminated strip of Plioform shows 
approximately one per cent moisture absorption in 24 hours 
of immersion, as compared with a corresponding phenolic 
laminated strip, which possesses a moisture absorption of 
over 4 per cent. Figure 4 shows the moisture absorption of 
Plioform molded in sheet form, 

The additional absorption of the laminated products in 
excess of this curve is due to moisture absorbed by the fibers 
of the fabric. 

Another interesting application of these materials utilizes 
the laminated fabric in connection with the regular molding 
powder. If the pearlescent molding powders are used in 
conjunction with the impregnated fabric, some striking effects 
can be obtained. In this operation the fabric is impregnated 
in the usual manner and molded, using properly granulated 
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powder in equal amounts on both sides of the fabric. This 
composite mixture is then pressed and cooled. The resulting 
sheets possess a pleasing finish in that they have a decided 
depth of surface and luster. 


PEARLESCENT COLORS 


The pearlescent materials offer a wide range of possibilities 
in so far as the appearance of molded Plioform articles is 
concerned. There are a number of factors which are brought 
into consideration here. It has been found that the particle 
size of the molding powder has a decided effect, small granula- 
tions giving the appearance of a fine grain effect to the fin- 
ished article, while large granulations increase the size of 
this grain effect and tend to break up the uniform appearance 
of the surface of the article. These conditions, of course, 
can be operated in either extreme or by using a mixture of 
two granulations, so that a wide range of effects is obtainable. 
Then, in addition to the granular size of the molding powder, 


A 
Figure 5. Errect or Particte Size anp Mo.pinc TEMPERATURE ON 
APPEARANCE OF Piiororm (Cotor No. 2501) 
A. Ground !/: inch screen, molded at 40 pounds steam 
B. Ground !/s inch acreen, molded at 40 pounds steam 
C. Ground !/s inch screen, molded at 70 pounds steam 
the temperature at which the powder is molded imparts a 
distinct effect to the finished article. At higher temperatures 
the pearlescent material smooths out and becomes almost 
uniformly colored, each particle losing its identity, and the 
article takes on a pleasing metallic sheen. If the same powder 
is molded at low temperatures, each individual particle will 
stand out, although the surface of the article will be perfectly 
smooth. Figure 5 shows these effects. 

Another variation of this condition is brought about by a 
temperature differential in the mold itself; that is, if the 
mold has a hot or cold spot, a pleasing differential in the 
surface appearance is caused by this difference in tempera- 
ture which exists in the mold. The configuration of the mold 
also has considerable effect on the surface appearance. 
Simple molds tend toward uniformity of appearance, while 
complex molds tend toward some quite complex patterns, 
owing to the manner in which the material flows during the 
molding operation. 
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BEHAVIOR OF PLIOFORM RESINS AS THERMOPLASTICS 


One serious objection to thermoplastic materials has been 
their tendency to cold-flow or warp under ordinary room 
conditions. Figure 6 gives the behavior of three different 
types of these resins compared with two types of a cellulose 
acetate material. ‘ In the upper part of Figure 6 the sheets 
which had been molded in the same mold and which were 
of the same dimensions are shown after they have been ex- 
posed, anchored at one end and supporting a uniform weight 
on the other, for 48 hours to July sunshine. The lower part 
of Figure 6 shows the amount of permanent set or warpage 
which these sheets had undergone at the conclusion of the 
above described test. Of the three Plioform resins tested, 
one would be considered a medium-flow resin, while two of 
the samples would be considered soft-flow resins. The warp- 
age or permanent set of Plioform, under these conditions, 
is much less than it is with the acetate material. 


PHYSICAL -PROPERTIES 


In the following table are given a number of determinations 
on the physical properties of Plioform: 


Specific gravity 
Odor 


Taste 
Softening point, ° F.: 
No. 20 Plioform 
No. 40 Plioform 
Cold flow,? in. per in. of length 
Molding temp., ° F.: 
No. 20 Plioform 
No. 40 Plioform . 
Coefficient of thermal expansion 
Mold shrinkage (in. per in.) ; 
Resistance to discoloration by light 
Surface resistivity (ohms per linear in.): 
At 90% relative humidity 1X 10" 
At 75% relative humidity 1 X 10% 
Tensile strength, lb./sq.in. 
Compressive strength, |b./sq. in. 
Flexural strength, b./sa. in. — 


Impact strength (izod notched), width X thickness? 


Water absorption (24-hr. immersion), % 
Resistance to concd. acid 
Resistance to strong alkali 





@ At 2000 pounds per square inch pressure and 120° F. 
6 Except strong nitric and strong sulfuric. 


Mo pine PLioFoRM REsINS 


At the present time Plioform resins are available as molding 
powders and in the form of rods and tubes. 

The mold equipment required can be either the positive, 
semi-positive, or flash type of molds, but particular attention 
should be given to mold design so as to secure uniform con- 
ditions during the heating and cooling cycle. A temperature 
high enough to obtain satisfactory flow conditions in the 
mold is required. The No. 40 Plioform requires between 
260° and 280° F., while No. 20 should require approxi- 
mately 310° F, After the mold has closed, cold water is 
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turned through the channels, which were previously heated 
with steam, and the temperature of the casting is dropped 
approximately 100° F. The mold can then be opened without 
danger of warpage, and the piece removed therefrom. 

As is common with other plastics, it has been found that 
when Plioform follows other materials in the mold, there is a 
tendency towards sticking and a slight gumminess of the sur- 
face. This can be overcome by the use of a 2 to 5 per cent 
solution of a water-soluble soap. This mold solution is applied 
to the hot surface of the mold and then this surface is thor- 
oughly wiped before the molding powder is introduced into 








Figure 6. Errect or 48 Hours or SUMMER SUNSHINE 
ON CELLULOSE ACETATE AND PLIOFORM SHEETS 
Above, enppecting identical weights; below, after re- 
moval of weights. 


A. Soft-flow cellulose acetate 
B. Medium-flow cellulose acetate 
Soft-flow Plioform No. 60 


C. 
D. Medium-flow Plioform No. 40 
E. Medium soft-flow Plioform No. 50 


the cavity of the mold. In complicated dies this soap solu- 
tion can also be used as a lubricant. 

Being rubber derivatives, these resins are inherently 
insoluble in acetone, alcohol, ether, and the like, but are 
dissolved by solvents of the petroleum or benzene type. 
However, if the finished molded article is given a five- to ten- 
minute immersion period in an approximately saturated 
solution of chlorine water, the surface is then unaffected by 
gasoline and is somewhat resistant to benzene. This action is 
apparently either an oxidation or chlorination of the surface 
and is only a surface condition. If this surface is destroyed 
or if the article is subjected to these solvents over a pro- 
longed period of time, this treatment does not suffice. How- 
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ever, the treatment is satisfactory to overcome casual con- 
tact with these solvents. It tends to make the surface of the 
molded article decidedly more grease-resisting, and a very 
pleasing “‘feel’”’ is imparted to the surface. After the chlorine 
treatment has been accomplished, the surface appears to be 
fogged and there is considerable odor of chlorine. After 
standing in the open air for 24 to 48 hours, both of these con- 
ditions disappear. 

Experience has shown that almost any type of well-finished 
mold can be used with these resins without detriment. The 
authors recommend, however, that the molds be steel, and 
it has been their experience that a polished chromium-plated 
mold gives an excellent surface finish to the molded article. 
In this laboratory one mold of this type has turned out 
over four thousand castings, and the mold is still in excellent 
shape. This demonstrates that Plioform is practically 
without effect upon the mold surface. 


FinisHinc MoupEep ARTICLES 


In finishing articles molded from these resins, there is one 
important consideration that should not be overlooked. 
All finishing operations should be carried out so that the resin 
is maintained under its softening temperature. To accom- 
plish this, grinding and buffing can be successfully carried out 
by using water as a cooling and lubricating medium. In the 
grinding operation wheels of 60 grit or finer should be used, 
while in the buffing operation fairly stiff cloth wheels are 
practical. The surface speed of such a wheel should be 
between 1500 and 4500 feet per minute, and rouge may be 
used as an abrasive, preferably in the form of sticks such 
as Climax rouge. A fine spray of water is played on the wheel 
during the polishing operation, and under these conditions 
Plioform articles can be given a high and satisfactory polish. 
If the wheel is not cool enough or if too much pressure is 
applied during the buffing operation, there is danger of burn- 
ing the surface and destroying the smooth finish imparted 
by the mold. 

LarGE PIECES 

The medium- to soft-flow type of these resins offers great 
possibilities in the fabrication of large pieces. In contrast 
to the thermoset type of resin, when Plioform is utilized in 
the production of a large piece there is no tendency for the 
resin to set or cure in the mold. In fact, these resins have 
been remolded as many as eight times with very little de- 
traction from their original physical properties. Therefore, 
in the fabrication of a large article, one does not have to con- 
sider the difficulty of the resin curing in the mold but can take 
sufficient time to allow for almost any reasonable time of 
flow. In addition to this, the time in the mold is not im- 
portant in so far as the physical properties are concerned, 
so that the size of casting obtainable is dependent upon the 
pressure-producing equipment available for the manu- 
facturing process, 
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A Shearing Disk Plas- 
tometer for Unvul- 
canized Rubber 
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give a precise measurement of plasticity, would com- 
plete a measurement in 30 seconds or less, and would 
be sufficiently simple in operation to be used by an unskilled 
mill-hand. In an effort to develop such an instrument, a 
number of instruments, operating on a variety of different 
principles, were built and tried out; but none was found 
that would satisfy all the above criteria. 
Precision being considered a matter of primary importance, 
it was then felt that the only alternative was to develop a 
plastometer that would be as simple and as quick in operation 
as it could beand still remain accurate. Theshearing plastome- 
ter described below was the result. 


\" IDEAL plastometer for unvulcanized rubber would 


SHEARING PLASTOMETER 


Obviously, a quick plasticity measurement requires quick 
heating of the sample to a standard temperature, which in 
turn requires that the sample must be small in at least one 
direction. This obvious fact was taken as the first guiding 
principle in designing a more satisfactory plastometer; and 
it appeared most desirable that the sample should have the 
form of a thin sheet. 

The next point to be settled was: What sort of deformation 
should the sheeted sample be given in measuring its softness 
or hardness? Compressing the sample to a still thinner 
sheet did not appear promising, according to previous ex- 
periments with certain modifications of the compression type 
of plastometer. Apparently the only practical alternative 
was to use a simple shearing deformation with the shearing 
motion tangent to the bounding surfaces of the sheet. A 
simple form of apparatus for producing such a deformation 
is the conventional rotation viscometer in which the test 
material is contained between a pair of concentric cylinders 
in relative rotation; or, in an alternate form, the material 
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could be held between a pair of parallel circular disks, one of 
which is rotated. 

Preliminary experiments proved that two conditions are 
necessary in an instrument of either of the two forms sug- 
gested, to produce shearing in a sample of rubber and prevent 
slipping at the surfaces: (1) The tangentially moving surfaces 
in contact with the rubber must be sharply corrugated or 
otherwise roughened, and (2) the rubber must be subjected 
to a confining pressure which holds it in intimate contact 
with the roughened surfaces. A simple hydrostatic pressure, 
supplied, for example, by a pump acting on a liquid, would 
not suffice for the second requirement. The pressure must 
be confining in the sense that it is applied directly to the 
rubber by mechanical means which force and hold the rubber 
in place and at the same time permit air to escape. 

In accordance with the above principles two successful 
shearing plastometers have been developed, one in the cylin- 
drical form and one in what is essentially the disk form. 
The cylindrical form is used primarily for research work of a 
special character. The disk form is used for general plas- 
ticity work in both laboratory and factory, and it is this form 
that is to be described here. Its essential parts are shown 
in Figure 1. 


The roughened surfaces between which the rubber is sheared 
consist of the disk-shaped rotor, 1, and the upper and lower halves 
of the stator, 2 and 3. The two halves of the stator have the 
shape of shallow circular cups, and, when held with their brims 
in contact, form together a closed cylindrical chamber. The 
rotor is held vertically centered in the stator chamber by 
means of a shoulder on the rotor shaft and by the pin, 4, in 
the center of the chamber roof. The top and bottom surfaces of 
both rotor and stator are covered with a rectangular array of 
sharp points, produced by cross-hatching the surface with 
shallow V-shaped grooves. The sides of both rotor and stator 
are similarly covered with sharp ridges, produced by a series of 
longitudinal V-cuts. The device for maintaining pressure on the 
rubber consists of the pair of plungers, 5 and 6, forced downwards 
by springs 7 and 8 

The shaft of the rotor, extending through a hole in the floor 
of the stator chamber, fits into the ee, S 9, and is slotted to 
receive the key, 10, in the spindle. e spindle carries the worm 
gear, 11, which engages with the worm, 12, mounted on hori- 
zontal shaft 13. The spur gear, 14, mounted on the end of shaft 
13, engages with a pinion on the shaft of a synchronous alternat- 
ing current motor not shown in the figure. Shaft 13 is free to 
move longitudinally in its bearings, as well as to rotate, but its 
horizontal travel is opposed by the leaf spring, 15, supported in 
clamp 16. The horizontal travel of the shaft, which is equal to 
the deflection of the spring, is indicated by the micrometer gage, 
17. The upper and lower platens, 18 and 19, can be heated by 
either steam or electricity; and each platen has a thermometer 
hole for measuring the temperature in the center of the platen. 
The upper platen can be moved vertically by means of a double 
lever system operating through the connecting rod, 20. One 
of the two levers gives a relatively large travel and low me- 
chanical advantage. The other lever gives a small travel and an 
enormous mechanical advantage in the position where the two 
halves of the stator chamber are closing together. 
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The dimensions of the rotor and stator are as follows: di- 
ameter of rotor, 3.810 cm. (1.5 inches); diameter of stator, 
5.080 cm. (2.0 inches); thickness of rotor, 0.554 cm. (0.218 
inch); depth of stator chamber, 1.062 cm. (0.418 inch). 


The speed of the rotor is 2 revolutions per minute. The 
pressure exerted by plungers 5 and 6 is 30 to 60 kg. per sq. 
cm. (400 to 800 pounds per squareinch). Any deviations from 
the standard frequency in the alternating current supply 
to the synchronous motor would cause corresponding devia- 
tions from the standard speed of the rotor; but the frequency 
control in modern electric generators is generally quite ac- 
curate enough for the shearing plastometer. The tempera- 
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Figure 1. D1aGram oF PLASTOMETER 


ture adopted as standard for plasticity measurements is 
100° C. Spring 15 is adjusted in clamp 16 so as to give a 
gage reading of 100 under a force of 18,144 grams (40 pounds) 
while the plastometer is running empty. During calibration 
this force is produced by a weight attached temporarily to 
the spring. 


OPERATION 


When the upper platen is raised the rotor and shaft can 
be lifted out. The rotor disk and the inside of the stator 
are brushed with a soap solution to prevent excessive sticking 
of the rubber. After the soap has dried a slab of rubber is 
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placed above and below the rotor, the lower slab being pierced 
or cut to receive the rotor shaft. The rotor is placed in 
position and the plastometer closed. During the later stage 
of the closing operation the excess rubber is forced out be- 
tween the approaching edges of the chamber, at 21. The 
rubber resists this forced flow through a narrowing space and 
consequently builds up a back pressure within the chamber 
which forces up plungers 5 and 6. After the plastometer is 
closed the rubber is allowed to warm up for a period of 1 
minute. The motoristhenturnedon. As the rotor begins to 
turn in the rubber, thereby shearing it, the rubber exerts an 
opposing torque on the rotor, which in turn transmits a 
horizontal thrust to shaft 13. This thrust causes the shaft 
to push against spring 15, thereby deflecting it; and the de- 
flection is registered by gage 17. Because of the thixotropy 
of the rubber, as explained later, the gage reading goes through 
a maximum during the first 2 or 3 seconds and then begins 
to fall. If there is no air in the sample, the gage reading 
falls asymptotically to a value which remains constant ex- 
cept for small, irregular fluctuations of about 1 per cent. 
If appreciable quantities of air are enclosed in or with the 
sample, the gage reading will pass through a minimum while 
the air is being worked out of the rubber by the shearing 
action. Plungers 5 and 6, pressing continuously on the 
rubber, finally compact it; and the reading rises asymptoti- 
cally to a constant value. In either case, whether there is air 
in the sample or not, the reading generally reaches a sub- 
stantially constant value within 1 minute after the motor is 
turned on. This constant gage reading is proportional to the 
stiffness or the viscosity of the rubber and is called its “‘shear- 
ing viscosity.” 

A sample initially at room temperature cannot be heated 
to a uniform temperature in 1 minute, but the sample is hot 
enough at this time to permit turning on the motor; and by 
the time the final reading is taken the temperature is es- 
sentially uniform. 


For most rubbers and compounded stocks the total time 
required to soap the plastometer, insert the sample, heat it, 
take the reading, and remove the sample is 3 minutes. With 
certain samples, particularly unbroken rubber or cold tread 
stock not recently milled, more time may be required because 
the gage reading then takes longer—from 3 to 5 minutes— 
to reach a constant value. If hot samples are taken direct 
from a mill, the time required to complete a measurement can 
be considerably reduced. In a certain series of laboratory 
experiments, thirty-six samples were measured in 44 minutes, 
or at the rate of one in 1.25 minutes. 

The factory shearing plastometer is not equipped to meas- 
ure the elastic recovery of the sample after deformation. 
An accessory device could undoubtedly be added to make 
this measurement possible; but so far the measurement has 
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not seemed of sufficient importance to justify the additional 
complication. 


ADVANTAGES AND DISADVANTAGES 


The major advantage of the shearing plastometer,' its 
speed, is obvious from the description of its operation. 

Another advantage, not quite so obvious, is that from 
two to six samples, properly cut and placed in the plastome- 
ter, can be measured simultaneously to give a single 
average reading. Thus, even if a batch of rubber is not 
homogeneous, a good determination of its average viscosity 
can be made with a single measurement. 

In accuracy or sensitivity the shearing plastometer com- 
pares favorably with the Williams form of the compression 
plastometer. The comparison was made by making five 
or more check measurements with each instrument on each 
of a series of two or more samples. 

The shearing plastometer is not as simple or as inexpensive 
as could be desired; but it requires no oven and no equipment 
for preparing samples, and on the whole it is no more ex- 
pensive than other types of plastometers with their necessary 
accessories. 

Certain advantages of the shearing plastometer are in- 
herent in its action on the sample. The ability of the plas- 
tometer to work air out of the sample has been mentioned. 
Another result of continuously working the sample during 
the measurement is that the sample is measured in its more 
plastic state, as opposed to the harder condition that it at- 
tains when allowed to rest. For example, if a sample of rub- 
ber is sheared in the plastometer till it gives a constant read- 
ing, is allowed to rest a minute or two and is then sheared 
some more, the gage reading again goes through a maximum 
in the second shearing period, when there can be no question 
of temperature lag or trapped air. The phenomenon is due 
to the thixotropy of the rubber, or the property of softening 
while being worked and hardening again while standing. 
It is because of thixotropy that, in order to obtain smooth 
calendering, rubber must be not only warmed but also worked, 
or plasticized, immediately before calendering. Since those 
forming operations in which plasticity is important are quite 
generally carried out with the rubber in the plastic or softened 


1A plastometer of the shearing type has been developed by Naylor (3). 
In Naylor’s instrument the stator was a shallow cylindrical cup with rough- 
ened bottom and smooth sides, and the rotor was a roughened disk which 
fitted inside the cup. The pressure required to prevent slippage was pro- 
duced by weights which were supported on the rotor shaft and pressed the 
rotor into the cup. The present instrument is different from Naylor's in 
three important respects: (1) The sample is automatically formed to fixed 
dimensions by the plastometer itself as it is closed, (2) the pressure is main- 
tained without any change in the relative position of rotor and stator when 
rubber leaks out of the chamber, and (3) the effect of friction between rotor 
and stator is greatly reduced by making the contacting surfaces of rotor 
and stator small in comparison with the rotor itself. 
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condition, it naturally seems preferable to measure its plas- 
ticity in that condition. 

The main disadvantages of the shearing plastometer arise 
from the fact that it is a machine, as well as an instrument, 
and therefore subject to wear. The rotor has been the most 
troublesome part so far. Its roughened surface is worn 
smooth by the tool, a brass-tipped screw driver, used to lift 
it out of the chamber when a measurement is completed. 
Also, if the rotor shaft becomes slightly bent, it binds against 
the sides of the hole in the floor of the chamber. The ma- 
terial originally used for the rotors was chrome-vanadium 
steel, which was chosen to give the necessary strength in the 
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SHEARING VISCOSITY 


Figure 2. RELATIONSHIP BETWEEN SHEAR- 
ING VISCOSITY AND WILLIAMS PLASTICITY 


shaft. However, experience has shown that hardness in the 
rotor is just as important as ultimate strength. The plastome- 
ters are now equipped with rotors of case-hardened carbon 
steel, and these are wearing much better than did the chrome- 
vanadium rotors. 

In the beginning it was feared there might be difficulty 
with rubber sticking in the corrugations of the rotor and 
stator. On the whole, however, this has not been the case; 
and the entire plastometer, including the chamber, pressure 
reservoirs, and the space under the chamber, can be kept 
clean without much trouble. 


Resvutts OBTAINED 


The shearing plastometer gives results which in general 
do not differ in their indications from those obtained with 
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other plastometers—that is, a series of samples arranged ac- 
cording to softness by the Williams plastometer (6), for 
example, will usually be arranged in the same general order 
by the shearing plastometer. 

Figure 2 shows quantitatively the relationship between 
the shearing viscosity and Williams plasticity, which is the 
thickness of a 2-cc. sample after 3 minutes’ compression under 
a 5-kg. load at 100° C. In the present case the Williams 
samples were weighed to the required volume on the assump- 
tion that the density was 0.92. The points on the curve 
represent two different batches from two different lots of 
smoked sheet broken down on a laboratory mill, samples 
being taken off during the milling. The highest readings 
represent unbroken rubber; the lowest represent ‘dead 
milled” rubber of a plasticity suitable for making cements. 
The plasticity measurements were made between 1 and 2 
days after milling. The curve in Figure 2 is drawn tangent 
to the ordinate axis at the origin because, according to theory, 
the viscosity is proportional to the final thickness in the 
Williams plastometer, raised to some power higher than the 
first (1, 4,5). It is shown below that the shearing viscosity 
is proportional to the mean absolute viscosity. 

It should not be assumed from these results that the 
agreement between the two instruments is always so close. 
When measurements on samples of different kinds of rubber 
or on compounded stocks are compared, considerable scat- 
tering from the curve of Figure 2 is observed. Nevertheless, 
those who are accustomed to thinking in terms of Williams 
plasticities can use Figure 2 as a rough guide in interpreting 
shearing viscasities. 

In Figure 3 are shown the shearing viscosities of three 
samples of smoked sheet at temperatures from 70° to 115° 
C. The positive temperature coefficient of viscosity in sample 
A at the higher temperatures is remarkable; but this peculiar 
behavior of unbroken or slightly broken rubber is verified by 
measurements made with the cylindrical plastometer. It 
appears plausible that, at these temperatures and rates of 
shear, crude rubber is not truly plastic. Extensive defor- 
mation is probably accompanied by a complicated combina- 
tion of shearing and tearing actions within the rubber. 


THEORY OF SHEARING PLASTOMETER 


The shearing plastometer, like most other plastometers 
for rubber, really measures the softness or hardness, or, if 
we like, the viscosity of the rubber. The gage reading, or 
shearing viscosity, is proportional to the true mean viscosity 
of the sample. 

The factor of proportionality, or conversion factor, depends 
upon the dimensions and other details of the plastometer. 
We proceed to derive this conversion factor theoretically 
and to test it with measurements made with both the cylinder 
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and the disk plastometers on the same rubber. We need not 
correct for the space in the rubber occupied by the top of 
the rotor shaft and pin 14; for the rate of shear in the rubber 
and the moment arm about the axis of the rotor are both 
very small in these regions. The total torque on the rotor 


\ 


120 





























> 
. 
a 
9 
) 
y 
“- 
> 
A) 
= 
fe 
<= 
iy 
» 
w 


























30 
60 70 80 90 


TEMPERATURE, °C. 


Figure 3. SHEARING VIScOSsITIES OF SMOKED SHEET 


A, crude smoked sheet B, milled smoked sheet 
C, milled smoked sheet 


resulting from the viscous resistance of the rubber is then 
given by 


R rQ 
T = . n(r) a= Xr X 2a rdr + n(s) X 


= XRX2rRh (1) 
in which 7 = torque acting on the rotor 
r = radial distance from the axis of the rotor 

= radius of the rotor 

= thickness of the rotor 

= vertical clearance between rotor and stator above 

or below the rotor 
= effective radial clearance between rotor and stator 
= angular velocity of the rotor in radians per second 
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n(r) viscosity of the rubber at the rate of shear preva- 
lent above or below the rotor at the distance r 

n(s) viscosity of the rubber at the rate of shear preva- 
lent at the side of the rotor 


All quantities are to be expressed in c. g. s. units. The 
various factors separated by the X’s in the two right terms 
of Equation 1 are, in order, viscosity < rate of shear X 
moment arm X area. The product of the first two factors 
gives the shearing force per unit area, by the definition of the 
coefficient of viscosity. 

As has been stated, spring 15 on the plastometer is ad- 
justed to give a gage reading of 100 under a force of 18,144 
grams. Therefore between the gage reading and the torque 
we have the relation 

T = <0 x 18,144 X 9 X P (2) 
in which G = gage reading 
g = anton acceleration 


P = pitch radius of worm gear 11 
= 5.08 cm. (2 inches) 


From Equations 1 and 2, 


1 4rQ — 
6- pp f e+ no] ( 


We now define 7m, the mean viscosity of a sample, as 
that constant viscosity which an imaginary sample must 
have to give the same reading in the shearing plastometer as 
the real sample. Then according to Equation 3 we must 


have 


4nQ 4. 2hR*0 
~ Isl. “ta 181.44 gP [= 0 (i b (4) 


The integral in this equation can now be evaluated, but 
we must consider also the value of b, the effective radial 
clearance between rotor and stator. The effective clearance 
in any region is the distance between rotor and stator along 
a path which at each point is normal to the surface of princi- 
pal shear in the rubber. Starting from the corner of the rotor, 
this distance is a. From a point on the side of the rotor at 
a distance a from the corner, the effective distance to the 
stator is 2a or a little more. Therefore, we take 3a/2, or 
0.381 cm., as the mean effective clearance between rotor and 
stator as applied to that portion of the side of the rotor which 
is within the distance a from a corner. For the central 
region on the side of the rotor, which is only a narrow strip 
in the present design, we take the effective clearance to be 
the radial clearance between rotor and stator, or 0.634 cm. 
The mean effective clearance is the mean of these two values 
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when weighted in proportion to the respective areas to which 
they individually apply. Thus, approximately 


b = 0.400 cm. 


Now integrating and substituting numerical values 
Equation 4 we find 


nm = 1.983 X 104G (5) 


and 1.933 X 10‘ is the theoretical conversion factor for cal- 
culating mean viscosity from shearing viscosity. 

But by eliminating G and 7 from Equations 1, 2, and 
4, we obtain also 


R 
af, errtar + A ae 


a 


ee nh 
x0 ji rdr + — 
0 b 


a 





(6) 


Now if the functional relation between 7 and the rate 
of shear has been determined for a particular sample of rubber 
by measurements in the cylinder plastometer, and if the 
shearing viscosity, or G, has been determined for the same 
rubber by a measurement in the disk plastometer, we can 
then calculate from Equations 5 and 6 two different values 
of m. for comparison. This is equivalent to comparing a 
measured value of G with a value calculated from Equation 
3 by means of values of 7 determined with the cylinder 
plastometer. 

The absolute viscosities of rubber at different rates of 
shear can be calculated from measurements with the cylinder 
plastometer by means of equations that have been published 
elsewhere (2). The relationships found between the viscosity 
of rubber and the rate of shear are not at all simple. The 
maximum rate of shear in the disk plastometer, calculated 
by setting r = 1.905 in Equation 8 below, is 1.6 radians per 
second. For this and somewhat lower rates of shear it was 
found that the viscosity of a certain sample of slightly 
milled smoked sheet is approximately represented by the 
equation 

n = 12.6 X 108 w” (7) 


in which w is the angular rate of shear in the rubber, expressed 
in radians per second. 

Now, as indicated in connection with Equation 1, the 
rate of shear above and below the rotor of the disk plastome- 
ter is 


wr) = 2 (8) 


and at the side, 


old) we = 
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By means of Equations 7, 8, and 9, 7m in Equation 6 can 
now be evaluated entirely in terms of the constants of the 
plastometer and the parameters in Equation 7. We thus 


find 
nm = 1.15 X 108 poises (10) 


The measured value of G for this particular sample of 
rubber was 66.5. Hence from Equation 4, 


nm = 1.28 X 106 poises (11) 


In the case of a softer sample of smoked sheet, for which 
the viscosity found by the cylinder plastometer was 


n = 6.67 X 10° X w7?/8 (7a) 


and the shearing viscosity, or G, was 38.5, the mean viscosities 
calculated according to Equations 5 and 6 were, respectively, 


nm = 0.624 X 108 poises (10a) 
nm = 0.745 X 108 poises (11a) 


For either the hard or the soft sample of rubber there is 
rough agreement between the two values of the calculated 
mean viscosity, 7m. We are justified in concluding, there- 
fore, that the analysis of the disk plastometer that has been 
presented is approximately correct and, further, that the 
shearing viscosity, determined by the disk plastometer, is 
approximately proportional to the true mean viscosity of the 
sample. If the cylinder plastometer can be accepted as a 
standard, absolute instrument, the check results reported 
above indicate that the conversion factor defined by Equation 
5 is about 14 per cent too high. A better value is given by 


nam = 1.7 X 10'G 


The discrepancy of 14 per cent can be partially but not 
completely explained as being due to certain corrections 
which should be made. The deflection of the spring in the 
disk plastometer is not strictly proportional to the load and 
is 2 or 3 per cent too high at the readings found for the two 
check samples discussed above. Furthermore, the friction 
in the disk plastometer was found to reduce the gage reading 
by 5 per cent, whereas in the cylinder plastometer the friction 
correction is only 2 per cent or less. The friction in the disk 
plastometer was determined by applying a known torque to 
the rotor head, by means of a pair of weights and pulleys, 
while the motor was running. 
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Gutta-Percha Hydrocarbons 
As Determined by Iodine Chloride 
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Bell Telephone Laboratories, 463 West St., 
New York, N. Y. 


of bromine, iodine bromide, or iodine chloride are 
widely used for determining the unsaturation of or- 
ganic compounds. In the use of these methods the choice 
of halogen reagent, the amount employed, and the time and 
temperature for the reaction are all important factors which 
must be given careful consideration in order that the best 
results may be obtained. Certain structural differences in 
unsaturated organic compounds may have a decided influence 
on the reactivity of these substances toward halogens. 
For example, the presence of negative groups on one or both of 
the unsaturated carbon atoms protects against halogen addi- 
tion; thus maleic or fumaric acids do not add iodine chloride 
(7). Styrene adds iodine chloride quantitatively, but in the 
case of cinnamic acid only a slight reaction takes place (4). 
No addition of iodine chloride occurs with dichloroethylene 
and very little with vinyl bromide (3). The authors have 
found that polyvinyl chloride (DuPrene) adds iodine chloride 
to only 30 per cent of theory. A triple-bonded compound, 
such as diphenylacetylene (4), shows only partial addition of 
iodine chloride, as would be expected from the negative effect 
of the first additive halogen. The unsaturated terpenes vary 
widely in their reactivity with halogens, extensive substitution 
occurring along with addition (5), particularly in the case of 
pinene. Aside from these complications, however, numerous 
investigators have shown that one or more of the halogens add 
quantitatively to a wide range of unsaturated hydrocarbons, 
acids, glycerides, alcohols, esters, etc. Of the many methods 
proposed the well-known Wijs procedure involving the use 
of 0.2 N iodine chloride in glacial acetic acid has been widely 
used and accepted. 
In a previous investigation (5), various halogen absorption 
methods for determining the unsaturation of rubber and gutta- 
percha were studied and it was found that the Wijs reagent 


ALOGEN absorption methods employing solutions 
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(iodine chloride in glacial acetic acid) was the most satisfactory 
for this purpose. It was shown that under suitable conditions 
iodine chloride adds quantitatively to the double bonds in 
rubber hydrocarbon in close agreement with theory—i.e., one 
molecule of iodine chloride adds to each C;Hs grouping. This 
is equivalent to a theoretical iodine value of 372.8 and values 
found by the iodine chloride method for pure rubber hy- 
drocarbon agree to within less than 0.5 per cent of this figure. 

The method previously described (5) involves swelling 
0.10-gram samples of rubber, etc., in 75 cc. of carbon bisulfide, 
adding 25 cc. of 0.2 N iodine chloride in glacial acetic acid, 
allowing the solution to stand 2 hours at 0° C., and titrating 
the excess iodine chloride with 0.1 N sodium thiosulfate im- 
mediately after addition of potassium iodide solution, using 
starch as the indicator. Excellent results were also obtained 
by allowing the reaction to proceed at room temperature for 
one hour, although substitution occurred slowly at this tem- 
perature. Since conducting the reaction under ice-cooling is a 
troublesome feature, one of the purposes of the present in- 
vestigation was to determine the best conditions for operating 
at room temperature without sacrifice in the accuracy of the 
method. Another related objective was to determine if any 
differences exist between rubber and gutta-percha hydro- 
carbons with respect to their reactivity towards iodine 
chloride and other halogens. This phase of the study is of 
particular interest with respect to the chemistry of these 
complicated hydrocarbons. 

Since its publication, the original method (5) has been 
employed by numerous investigators to determine the purity 
as well as to follow the changes in unsaturation of rubber and 
gutta-percha when these substances were subjected to various 
treatments. Staudinger and Bondy (12) have followed the 
reduction in iodine value and thereby the cyclization of rubber 
and gutta-percha when subjected to elevated temperatures 
in various solvents. Fisher and McColm (1) treated rubber 
with sulfuric and sulfonic acids and determined the reduc- 
tion in unsaturation using the iodine chloride method. The 
effect of high tension alternating currents in producing 
cyclization has been correspondingly studied by Fromandi 
(2). Kemp, Bishop, and Lasselle (6) similarly followed the 
change in unsaturation resulting from oxidation of rubber 
and gutta-percha hydrocarbons. 


MATERIALS 


The rubber hydrocarbon employed for this work was pre- 
pared by repeatedly extracting 10 grams of pale crepe at 
room temperature with 100 cc. of a mixture of three parts 
acetone and one part c. p. petroleum ether (boiling point, 
35° to 52° C.) in order to insure thorough removal of the 
resin. The acetone was removed by washing quickly with 
petroleum ether and the rubber was then covered with 1000 
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cc. of the same solvent. As a precaution against oxidation, 
an atmosphere of carbon dioxide was maintained over the 
surface of the solution. After 10 days’ storage at room tem- 
perature in a dark cabinet the petroleum ether solution of 
rubber was decanted from the gel and about 90 per cent of 
the solvent distilled off. The remainder of the solvent 
was removed with a stream of carbon dioxide at room tem- 
perature and finally by heating in a vacuum (0.1 mm. residual 
pressure) at 50° C. until a constant weight was attained. 
The product was colorless, crystal clear, tough, and elastic. 
Analyses indicated the absence of ash and nitrogen. 

Balata hydrocarbon was prepared separately from samples 
of both the “red” and “white” latices representing two 


Taste I. Reactivity or Various HALOGENS WITH RUBBER 
AND GutTtTa-PERCHA HYDROCARBONS? 
REACTION 
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common varieties of the Mimusops Balata which were ob- 
tained by Weise and Company of Rotterdam. In each case 
the balata was coagulated by adding an excess of 50 per cent 
alcohol to the latex. The coagulum was washed in hot 
50 per cent alcohol, then in hot water, and finally was dried 
in vacuum over calcium chloride. The resin was removed 
by repeated extraction with petroleum ether (boiling point, 
35° to 52° C.) and the gutta was then dissolved in carbon 
disulfide, carbon dioxide being used to replace the air over the 
solution. After about 1 week the insoluble matter had com- 
pletely settled, leaving a water-white clear solution of gutta 
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which was decanted. The gutta was then precipitated with 
absolute alcohol. The alcohol was removed from the gutta 
by washing with petroleum ether and the absorbed petroleum 
ether evaporated in a stream of carbon dioxide. The hydro- 
carbon was finally heated to constant weight in a high vacuum 
at 60° C. In this connection it was observed that the last 
traces of solvent were more difficult to remove from the 
gutta than from the rubber hydrocarbon. The resulting 
product was milky white at room temperature and softened 
at 61° C., finally becoming colorless and crystal clear at 
70° C. The product was free from ash and nitrogen. 
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REACTIVITY OF HALOGENS WITH RUBBER AND GUTTA- 
PrercHA HypDROCARBONS 


Although some data were presented in the earlier publica- 
tion (5) to illustrate the relative reactivity of various halogen 
solutions toward rubber, the data shown in Table I are more 
complete and include experiments with gutta-percha hydro- 
carbon. This information is of particular interest because 
of the relationship shown between rubber and gutta-percha 
hydrocarbons in their reactivity towards iodine chloride, 
iodine bromide, and iodine. 

The most significant difference between these hydrocarbons 
in respect to their reactivity with halogens is the more rapid 
initial reaction of gutta with iodine as shown by the results 
in Table I which are plotted on Figure 1. Further evidence 
on this point has been obtained in connection with the sepa- 
rate refluxing of 10 grams of crepe rubber and gutta in 100 cc. 
of tetrachloroethane for 10 hours in an atmosphere of carbon 
dioxide. The gutta was found to undergo extensive cycliza- 
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tion as shown by a reduction in iodine value to 247, while 
rubber remained practically unchanged with an iodine value of 
344. Staudinger and Bondy’s (12) results also indicate 
that gutta-percha has a greater tendency to cyclize than does 
rubber. 

The results in Table I also clearly show the superiority of 
iodine chloride as compared with other halogens for use in 
determining the unsaturation of rubber and gutta-percha 
hydrocarbons. 

Gorgas (3) found that the activity of iodine bromide was 
increased by substituting carbon tetrachloride for glacial 
acetic acid as a solvent and by employing a larger excess of 
iodine bromide. In this connection, he recommended deter- 
mining the iodine value of rubber by adding a large excess 
(50 cc. of 0.2 N) of iodine bromide in carbon tetrachloride to 
0.15 gram of rubber in the same solvent and conducting the 
reaction at room temperature for exactly 15 minutes. He 
found that excessive consumption of halogen occurred if 
longer periods were used. The authors obtained low iodine 
values (316) for rubber when employing the Gorgas procedure; 
but by using 0.1 gram of rubber, 50 cc. of 0.2 N iodine bro- 
mide, in carbon tetrachloride, and 30 minutes at room tem- 
perature were able to obtain more consistent results. It 
was found, however, that under these conditions the results 
were variable and could not be relied upon where a high de- 
gree of accuracy was necessary. 


Use or Ioping CHLORIDE IN CARBON TETRACHLORIDE 


Pummerer and Mann (10) determined the unsaturation of 
sol and gel rubber by adding iodine chloride in carbon tetra- 
chloride to a chloroform dispersion of the rubber and allow- 
ing the solution to stand at room temperature for various 
intervals of time. These authors state, but do not show, 
that it is immaterial whether the various kinds of rubber are 
tested in the chloroform solution at 0° C. or at room tem- 
perature, whether they are left to stand for 6 or 96 hours, and 
whether 0.7 per cent or 0.2 per cent solution of rubber is 
treated. Although results on tests run at 0° were not pub- 
lished, their data showed that considerable substitution oc- 
curred at room temperature, gel rubber, for example, showing 
an unsaturation value 10 per cent in excess of the theoretical. 
It was stated that chloroform has the advantage over car- 
bon disulfide in that cooling is unnecessary, but no results 
were given to support this contention. Later, Pummerer and 
Stark (11) found that more consistent results could be ob- 
tained by limiting the excess of iodine chloride to 10 to 20 
per cent and the reaction period to 6 hours at room tempera- 
ture. Increased substitution was found to occur when more 
than the 20 per cent excess of iodine chloride was used. Their 
results were in good agreement with theory. However, 
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when corrected for halogen acid present at the end of the re- 
action, as a gage of the extent of substitution, the values 
were in some cases as much as 6 per cent below the theoreti- 
cal. Halogen acid was estimated by direct titration with 
sodium hydroxide following the titration with sodium thio- 
sulfate. 

The authors have carried out a series of experiments similar 
to those of Pummerer and Stark (11) except that the liberated 
halogen acid was determined by the well-known Mcllhiney 
(8) procedure involving the addition of potassium iodate 
solution immediately after the first titration with 0.1 N 
sodium thiosulfate. The iodine liberated by the halogen 
acid was then titrated with the sodium thiosulfate. Pure 


THEORY 


~ 
w 


8 


lODINE VALUE 
UNSATURATION - PER CENT 


@ RUBBER HYDROCARBON 
© GUTTA HYDROCARBON 


30 60 90 120 150 180 210 
ICl ADDED -PER CENT THEORY 


Figure 2. Errect or Amount oF AppEp IopINE 
CHLORIDE ON IopINE VALUE OF RUBBER AND GuUTTA- 
Percua HypROCARBONS 


sol rubber hydrocarbon prepared by diffusian into petroleum 
ether from acetone extracted crepe was employed for these 
determinations. This preparation was transparent, color- 
less, and free from ash. The results given in Table II are 
in good agreement with those of Pummerer and Stark, except 
that larger quantities of halogen acid were liberated. The 
close agreement of the total iodine values with theory is an 
indication that the halogen acid is formed largely as a result 
of hydrolysis of the rubber iodochloride addition product 
and not from substitution. Ingle (4) has noted that certain 
iodochlorides can be readily hydrolyzed. In the presence of 
too great an excess of iodine chloride, substitution apparently 
does occur at both 0° and 25° C. and is manifested by 
total iodine values which are higher than the theoretical. 
When compared with the modified Wijs procedure as pre- 
viously described (5), the method of Pummerer and Stark 
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appears to have certain disadvantages. For example, 6 hours 
are required as compared with 1 or 2 for the Wijs solution 
The end points are not sharp and the variations in results 
therefore somewhat greater. Close attention must be paid 
to the amount of excess iodine chloride used, whereas with 
iodine chloride in glacial acetic acid variations of 70 to 200 
per cent give practically the same results and the time of re- 
action is not so critical. In glacial acetic acid the solution of 
iodine chloride is more stable and permits of easier manipula- 
tion with less danger of loss of halogen due to volatilization 
than when carbon tetrachloride is used as the solvent. Hy- 
drolysis of the iodochloride is undoubtedly a disturbing factor 
in the Pummerer procedure, but the use of a glacial acetic 
acid solution of iodine chloride in conjunction with carbon 
disulfide as the rubber solvent seems to exert a powerful re- 
pressing influence on side reactions such as substitution and 
hydrolysis. 

The use of the MclIlhiney or Pummerer procedure is of 
advantage in case one wishes to determine the extent of sub- 
stitution and hydrolysis by estimating the halogen acid split 
off during the reaction. This advantage was pointed out 
in the earlier publication by Kemp (5), particularly with re- 
spect to the study of the reaction of various terpenes with 
halogens. 


EFFecT OF TIME AND TEMPERATURE 


It was previously shown (5) in the case of pure rubber 
hydrocarbon at 0° C. that reaction periods ranging from 1 to 
20 hours had no effect on the resulting iodine values and that 
these latter were equivalent to 99.7 per cent of the theoretical. 
The iodine value found for 15-minute periods at room tem- 
perature was the same as the 20-hour period at 0°, but after 
20 hours at room temperature the iodine value rose to 102.3 
per cent of theory. Since no similar data were obtained for 
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gutta hydrocarbon at that time, it was decided to investigate 
the effect of time and temperature on the iodine value of 
gutta-percha. Further study was also made on the accuracy 
of results obtained with rubber for the shorter periods at 
room temperature since this procedure has manipulative ad- 
vantages over the one previously recommended in which 2 hours 
at0°C.wasemployed. Theseresults are shown in Table III. 

In determining the iodine value of balata hydrocarbon by 
the modified Wijs method at 0° C. it was noted that upon 
cooling, after the addition of the iodine chloride, a finely 
divided precipitate separated out. This precipitation does 
not take place with rubber. If room temperature is employed 
when determining the unsaturation of gutta-percha, precipita- 
tion is avoided. As can be seen from the results in Table 
III, gutta-percha appears to require a greater excess of Wijs 
reagent and a longer period of time for the completion of 
the reaction than doesrubber. The use of a 0.05-gram sample 
and 25 cc. of Wijs solution for a 2-hour period at room tem- 
perature appears to be suitable for determining the iodine 
value of gutta-percha hydrocarbon. These results indicate 
that gutta-percha hydrocarbon does not absorb iodine chlo- 
ride as rapidly as rubber hydrocarbon during the latter stages 
of the reaction. 

In order to determine the relative rates of reaction of rubber 
and gutta-percha hydrocarbon with iodine chloride, 0.5000- 
gram samples of each were dissolved in 500 cc. of carbon di- 
sulfide in a volumetric flask, 50-cc. portions were pipetted 
into iodination flasks, and varying quantities of 0.2 N Wijs 
solution were added from a buret. The flasks were allowed 
to stand 10 minutes in the dark at 25° C. and the unreacted 
iodine chloride was determined by titration with 0.1 N sodium 
thiosulfate after the addition of aqueous potassium iodide and 
starch solution. These results are given in Figure 2 and show 
that the gutta-percha requires a greater excess of iodine 
chloride for the completion of the reaction than the rubber 
hydrocarbon. 


RECOMMENDED PROCEDURES 


PREPARATION OF 0.2 N Wiss Sotution. Thirteen grams 
of pure iodine in powdered form are dissolved in a liter of 
glacial acetic acid (Merck’s highest purity) heated to between 
80° and 90°C. One hundred cubic centimeters of this solu- 
tion are removed and set aside for use later. Chlorine gas, 
which has first been bubbled through water and then through 
concentrated sulfuric acid, is passed into the main portion 
of the iodine solution until the brown color changes to 
orange, at which time the passage of the chlorine is quickly 
stopped. The 100-cc. portion of iodine solution is now added 
to the main portion of iodine solution until a faint brown 
color remains, indicating only a slight excess of free iodine. 
The solution is then heated at 80° to 90° C. for 20 minutes, 
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allowed to cool, and placed in a glass-stoppered brown bottle. 
Great care must be exercised to avoid contact of this solution 
with moisture. All containers should be scrupulously clean 
and dry before being used. When prepared in this manner, 
the solution is very stable and will keep several months with- 
out change. 

PREPARATION OF 0.1 N Soprum TurosutFraTe Souurion. 
Twenty-five grams of pure Na,S.0310H,0 are dissolved in 
a liter of boiled distilled water and kept in a ground-glass 
stoppered bottle. It is standardized against pure potassium 
biniodate, iodine, or potassium dichromate in the usual man- 
ner as described in textbooks on analytical procedure 
(9). The present authors prefer the use of pure iodine for 
this standardization. 

PROCEDURE FOR DETERMINATION OF IODINE VALUE OF 
Russer, Gutta-Percua, Erc. In determining the iodine 
value or hydrocarbon content of crude rubber, balata, gutta- 
percha, or latex these substances must first be freed from 
moisture and resins. Tenth-gram samples (0.05 gram in case 
of gutta-percha) are placed in 500-cc. flared lipped ground- 
glass stoppered iodination flasks and covered with 75 cc. of 
carbon disulfide (Merck’s highest purity). After standing 
overnight, 25 cc. of the 0.2 N Wijs solution are added from a 
pipet, while the flask is shaken so as to impart a rotating 
motion to the carbon disulfide solution during this operation. 
The solution should be clear and free from precipitate after 
addition of the iodine chloride. The stoppers are wetted 
with a drop of 15 per cent potassium iodide solution and the 
flask is placed in a dark place and allowed to stand for 1 hour 
(2 hours in the case of guttas). Twenty-five cubic centi- 
meters of 15 per cent freshly prepared potassium iodide solu- 
tion and 50 cc. of recently boiled and cooled distilled water 
are then added and the liberated iodine is titrated immedi- 
ately with 0.1 N sodium thiosulfate. Toward the end of the 
titration 5 cc. of a freshly prepared 1 per cent solution of 
soluble starch are added as an indicator. The solution is 
rapidly rotated during titration and as the end point is ap- 
proached, the color changes are from blue to brown to yellow. 
From this point on, the titration must proceed with caution. 
The solution should be shaken after the addition of every 
half drop and when the end point is reached the canary yellow 
color of the contents of the flask will fade out to a milky white- 
ness. A blank is run simultaneously with the sample. The 
difference in cubic centimeters of 0.1 N thiosulfate between 
the blank and sample titration is used to calculate the iodine 
value and per cent unsaturation in the following manner: 


cc. 0.1 N Na,S,03 X 1.2692 
wt. of sample in grams 


Unsaturation (per cent) = fodine ae some 





Iodine value = 
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[Translated for Rubber Chemistry and Technology from Berichte der Deutschen Chemischen Gesell- 
schaft, Vol. 67, No. 2, pages 292-294, February 7, 1934.) 


Rubber. XVIth Communication 


The Method of A. R. Kemp for the Determination 
of the Iodine Number of Rubber 


Rudolf Pummerer and Hermann Stark 


CHEMICAL LABORATORY OF THE UNIVERSITY OF ERLANGEN, GERMANY 


In a communication of Pummerer and Mann? in 1929 on the determination of 
the iodine number of rubber by means of iodine chloride in chloroform solution, 
Fisher and Gray* were erroneously mentioned as the originators of the method, 
because of the fact that these authors were the first to publish the method in ac- 
cessible form. The fact was overlooked that Fisher and Gray state in a footnote 
that the method was not their own but was that of A. R. Kemp of the Bell Tele- 
phone Laboratories. We are greatly indebted to Kemp for calling to our attention 
the error, which also appears in our XTVth Communication. The first paper of 
Kemp‘ on the subject appeared a year later, and contains precise information. 

Kemp worked with a solution of iodine chloride in glacial acetic acid and a solu- 
tion of rubber in carbon disulfide at 0° C., and as long ago as 1927 he showed that 
rubber obtained by extraction of crepe with petroleum ether (b. p. 35-60° C.), and 
precipitation with alcohol according to the method of Weber, Caspari and Feuchter,' 
gave very satisfactory iodine numbers of 99.43-99.76 per cent of the theoretical 
value. At 15-20° C. disturbing effects of substitution occurred. 

In our XIVth Communication® we described a modification of our earlier 
method (Xth Communication), which involves the use of iodine chloride in carbon 
tetrachloride, and of rubber in chloroform, with an excess of iodine chloride not 
over 20 per cent. Under these conditions there is no appreciable substitution in 
the rubber, even at room temperature. In many cases there is no formation of 
hydrogen halide, and in most cases a few per cent of the added iodine are found 
in the form of acid because of hydrolysis, without the iodine number being rendered 
incorrect as a result of substitution. 

The method of Kemp for determining the iodine number has been now tested, 
and it too has been found to be very useful. It bas the advantage that at 0° C. 
a large excess of iodine chloride, though not an unlimited quantity, can be added 
without substitution taking place. Naturally because of the large quantity of 
glacial acetic acid, any hydrogen halide which may have been liberated remains 
unknown. Such information might be desirable with reclaimed or modified rubber 
preparations. At the very beginning a difficulty was encountered in the formation 
of stable emulsions after the addition of water during titration. This was never 
encountered by Kemp. These emulsions were particularly strong when glacial 
acetic acid purified by repeated freezing was used. With “glacial acetic acid 
for the Wijs iodine number,” manufactured by Merck, they appeared less fre- 
quently, but were still present in the majority of cases. The purest grade of carbon 
disulfide from Kahlbaum was employed. It is inadvisable ever to titrate in the 
presence of an emulsion, since iodine is again set free by specific boundary surface 
reactions, and the point of maximum addition of iodine may be passed. By 
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prolonging the reaction, with repeated agitation, values as much as 20 per cent too 
low were obtained. Correct values are obtained and emulsions avoided, how- 
ever, by adding 20-30 cc. of pure alcohol before titrating back with thiosulfate. 
The only explanation for the appearance of the emulsions in the present work 
and not in the work Kemp is a difference in the quality of the solvents, or in the 
preliminary treatment of the rubber in the two cases. In the present work, 
emulsions were never encountered in the case of fresh samples of rubber, whereas 
they were formed in the case of irradiated and heated samples. If the rubber is 
also dissolved in carbon tetrachloride, or if the proportion of this solvent exceeds 
25 per cent in the reaction mixture, the iodine chloride addition product may then 
precipitate prematurely.’ 

In the following paragraph, the method of carrying out the Kemp procedure is 
outlined briefly, and data are given to show the comparative results obtained by 
the Kemp method and that of the present authors. Both methods represent modi- 
fications of the Wijs determination of the iodine number adapted to the particular 
purpose. 

Dissolve 0.1 gram of rubber in 75 cc. of the purest carbon disulfide (Kahlbaum) 
in nitrogen free of oxygen. To this add approximately 0.2 N iodine chloride solu- 
tion in glacial acid (Merck) for Wijs solution. This solution contains a slight 
excess of iodine in order to repress the formation of iodine trichloride. An excess 
of 70 per cent of iodine chloride (calculated on the double bonds) may be employed 
under normal conditions. Cool the rubber solution with ice-water before and 
after the addition of iodine chloride, and use an Erlenmeyer flask with a wide 
ground-glass stopper held firmly in place by a rubber cap drawn over the top.° 
After 2-4 hours add 45 cc. of 10 per cent aqueous potassium iodide and 30 ce. of 


pure absolute alcohol, agitate well, and titrate back with thiosulfate the unconsumed : 


iodine. Kemp recommends a reaction time of 2 hours for practical investigations, 
which is as a matter of fact sufficient. 


Todine 
Excess Iodine Consumption Chloride 
Chloride (in CC.) of Number 
(Percentage of 0.2 N ICI (Percentage Time of 
Hydrocarbon Weight Theoretical) Solution of Theoretical) Reaction 
Crepe sol-rubber 
Fraction II of Kemp 1010 14.9 100.1 
. 1006 14.8 100.1 
.1021 15.2 
1049 15.6 
1000 15.2 


1018 15.9 
1000 14.7 
1011 14.8 
1028 15.1 
. 1046 15.3 
. 1047 15.4 


Fraction IIIT of Kemp 


Pummerer and Stiirk 


Latex, alkali-purified and 
fractionated cold 
Fraction II of 
Pummerer and Stiirk 


Kemp 


Fraction III of 
Pummerer and Stiirk 


SB sues 
ou OPO Pe 
$8 SSS 





in wo 
iodine 


Kemp 0.1006 70 58.8 99.4 
0.1011 70 59.1 99.4 
0.1053 70 61.7 99.6 

Trimethylethylene 
Kemp 0.1439 70 20.6 100.1 
0.0954 70 13.7 100.3 
0.0981 140 14.05 100.2 

3-Ethylpentene-(2) 
Kemp 0.1400 70 14.6 102.0 
0.1599 70 19.2 117.5 
0.0976 70 10.9 109.2 


Pummerer and Stiirk 0.0830 20 8.57 106.0 
0.1070 20 11.1 101.4 
0.1224 20 12:5 100.3 


As has already been shown in the XIVth Communication," trimethylethylene be- 
haves like rubber toward iodine chloride in chloroform, 7. ¢., appreciable substitution 
takes place only with an excess over 20 per cent during a reaction time of 4-6 hours. 
As is seen in the Table, this was found to be the case in the titration by the 
method of Kemp, and large excesses are tolerated, as with rubber. 

On the other hand, strange as it may seem, a completely different behavior is 
found with 3-ethylpentene-(2) (prepared from diethylketone and ethylmagnesium 
bromide, with elimination of water). As the results show, this compound cannot 
be titrated by either one of the two methods without substitution taking place, and 
in this respect it resembles terpenes. 
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Comments by A. R. Kemp 


The article by Pummerer and Stark brings out the difficulty of emulsions form- 
ing when they employed the procedure recommended in my first publication on the 
iodine value of rubber (Ind. Eng. Chem., 19, 531, April, 1927). Referring, however, 
to Pummerer’s and Stirk’s description of my procedure, as given on page 293 of 
their communication, and comparing this with the procedure given in my article, 
some very important differences are to be noted. 

1. Pummerer and Stark pre-cool the rubber solution before adding iodine 
chloride where we do not recommend this procedure. 

2. Pummerer and Stark add 45 cc. of 10% iodine chloride where we recommend 
adding first 25 ec. of 15% iodine chloride, followed by 50 cc. of water. 

3. Pummerer and Stark shake the solution vigorously before titration where we 
prefer shaking vigorously only toward the end of the titration. 

We have determined by direct experimentation that it is to these differences 
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that the difficulty in connection with the formation of emulsions mentioned by 
Pummerer and Stark is to be attributed. We also check Pummerer and Stark 
in that the addition of 30 per cent alcohol is very effective in the breaking of these 
emulsions. However, as a result of several years’ experience with the procedure 
recommended in my first publication, no difficulty has been experienced in connec- 
tion with the formation of emulsions. The procedure given in the article by Kemp 
and Mueller (Ind. Eng. Chem., Anal. Ed., 6, 52, Jan. 15, 1934) also can be followed 
without any danger of emulsion forming. 





[Reprinted from The Vanderbilt News, Vol. 3, No. 6, pages 10-14, November-December, 1933.] 


The Impact Resiliometer 


Paul Lipke, Jr. 
Essex Russer Co. 


Original Purpose 


The writer’s first conception of an instrument for quickly measuring the resilience 
of rubber samples arose in connection with the basic idea for and development of 
the present A.S.T.M. hardness tester, in an endeavor to provide a reproducible 
means of measuring and expressing those properties of rubber compounds super- 
ficially apparent to the average user. It seemed that if the resistance to pressure 
(indenting or flexing) and the pressure, or force, of recovery, of a sample were dupli- 
cated, the article produced would “feel” the same as the sample, and under normal 
conditions of use would act mechanically the same. 


Nature of Problem 


This problem of measurement, as is generally known, is complicated by the time- 
hysteresis characteristic of vulcanized rubber compounds, arising through a dual 
nature, and causing them to manifest both elastic and plastic properties. 

Any instrument which applies load momentarily measures the almost purely 
elastic properties, while one which applies a more or less sustained load measures 
elastic properties modified by the material’s partially plastic nature. These ideas 
are expressed from commercial and industrial viewpoints without regard to their 
possible deviations from the strict definitions accepted in physical science. 


Existing Instruments 


The A.S.T.M. indentation hardness tester, used in accordance with the Society’s 
specifications, measures a function dependent upon the elastic modulus modified 
by plastic flow or time hysteresis, while the resilience measuring device herein 
described, due to its extremely brief application of the load, measures a very nearly 
purely elastic property. To more completely express in measurements duplicable 
from description the “feel,” or mechanical action, of a piece of vulcanized rubber 
under the distensions ordinarily experienced in service, the scope of each of these 
instruments would have to be extended to include measurements of both the more 
purely elastic properties (instantaneous or impact effects) and the modifications 
caused by the plastic nature of the material (time or sustained load effects). 


Extended Scope of the Instruments 


In the form of the indentation hardness tester developed by the author some 
years ago, the scope of application can be readily extended to include delayed 
recovery measurements. The design is such that the load can be easily applied and 
removed in small or large increments at predetermined intervals, and readings for 
an indentation hysteresis loop taken. The work involved in taking such readings 
is no greater} and may be much less, than for taking extension hysteresis measure- 
ments; the range can be readily adjusted within the degree of distension ordinarily 
met in service, and the readings within this range can be taken with a very desirable 
degree of accuracy. Further, the test specimens need usually not be specially 
prepared, as many shapes and sizes of pieces can be adapted to the instrument. 
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An “Instantaneous Indentation” reading would seemingly require a more complex 
device, as for example a magnetic or induction balance indicating on a specially 
calibrated galvanometer, first the distance between the tip of the ram of the “‘re- 
siliometer’’ in ‘free’ or unloaded contact with the surface of the specimen and the 
metal anvil against which the specimen is held; and then the minimum distance 
during impact. 


Preliminary Experiments 


The present form of the impact resiliometer results from a number of experi- 
mentally tested ideas aimed toward an easily usable and rapid method of measuring 
the recoverable energy (‘‘come-back”’ or “‘kick’’) of a strained specimen of vulcan- 
ized rubber compound, which would give consistent results, and could be duplicated 
from description. The basic ideas used are: 
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(a) Height of fall multiplied by the weight of a falling object gives the energy of 
impact. 

(b) Height of rebound multiplied by the weight gives the energy recovered. 

(c) (b) divided by (a) gives the resilience as a fraction (or in per cent). As the 
strained condition of the specimen is but momentary, the result is called the impact 
resilience. 

Briefly, preliminary trials showed: 

(1) When a rubber specimen is dropped on a plain, firmly mounted, hard surface: 

(a) Specially molded specimens (spherical) are essential. 

(b) Accurate release is not easily accomplished. 

(c) Precise measurement of the rebound is not easily made visually, due to the 
high acceleration (g = 32.2 ft. per sec.?). 
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(d) For the same stock, cured to equal hardness, the results vary widely with the 
height of fall, and still more with changes in the diameter of the ball. 

(2) When a metal ball is dropped on a flat rubber specimen supported on a plain, 
firmly mounted, hard surface: 

(a) Specimens can often be obtained without special molding. 

(b) Difficulty of release and measurement of rebound remain. 
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(c) Over considerable ranges of total energy of impact and diameter of ball, 
results are surprisingly consistent. 

(d) When the depth of indentation is not excessive compared with the thickness 
of the specimen, changes in thickness affect the results but moderately. 


© he @ 


RESILIENCE RESILIENCE 


CURED AT SO LBS STEAM 


HARONESS 


TENSILE 


TENSILE 


MODULUS 
2 »AT 


. 500 %e MODULUS 


20 640 60 80 20 40 60 80 


| |® pcelprennrelee @ 


RESILIENCE 
| RESILIENCE 


HARONESS HARDNESS 


w 
Vv 
z 
= 
a 
”" 
wd 
1.4 
Fb 
13) 
< 
a 
= 
Cs 
”" 
” 
ua 
z 
fo) 
4 
< 
=x 
ae 
4 
° 
x 
”" 
i 4 
° 
u 
4 
x 
WwW 
4 
< 
Vv 
” 


TENSILE TENSILE 


' 
ELONGATION ELONGATION 


*%/e MODULUS 


120 20 40 60 80 120 


© © 


HARONESS 


TENSILE 
TENSILE 


SCALE X 1000 FOR TENSILE, MODULUS & ULT. ELONG.: 


° 
° 20 40 60 80 100) =: 120 ° 20 40 60 80 100) =: 120 
TIME OF CURE : MIN. AT 30LBS. STEAM (134°C.) 


Figure 3—Relation of Impact Resilience to Other Physical Properties of Various Stocks 
Form of Resiliometer 


As a result of these observations a weight of approximately 350 grams was se- 
lected, a fall of 10 centimeters used, giving an impact of 3500 centimeter-grams; the 
impact surface was made spherical with a 2.5 cm. radius, and not less than 1.25 cm. 
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in diameter. To secure sufficiently low acceleration for precise visual observation 
of the measurements, and well controlled release and travel, this weight, in the form 
of a rod 1.27 X 35.6 cm. (0.5 X 14 in.) was suspended on a 2-meter geometric 
pendulum over a circular scale of about 62.5 em. horizontal length. This scale is 
computed to give a 10 cm. vertical rise of the 2-meter pendulum, and the divisions 
are figured from the table of versed sines to represent 100 equal increments of verti- 
cal rise and thus read directly in per cent of energy recovered. The difference 
between these readings and 100 per cent is the energy loss. The principal dimen- 
sions and structure of the device are shown in Fig. 1. A photograph of a self- 
contained design is shown in Fig. 2. For convenience the specimens generally 
used have been discs 4.13 X 0.635 em. (15/3 X !/4 in.) which may be doubled if 
desired, for 1.27 em. (1% in.) thickness. 


General Results 


The general satisfactoriness of the chosen proportions for the device are well 
shown by the facts that: 


(a) The pendulum tracks perfectly over the scale without visible “wobble” on 
the rebound. 

(b) Readings can easily be made to within 0.25 of one per cent. 

(c) Readings after the third impact repeat almost exactly on any specimen. 

(d) Results are practically the same for full scale and for fractional scale drops 
of the ram. 


Observations on Stocks 


In using the instrument: 


(a) Stocks with resiliences ranging from 90 per cent down to 15 per cent have 
been encountered. 

(b) Within the ordinary range of room temperatures, the resilience of a stock has 
a rather high, positive temperature coefficient. 

(c) High gum stocks show a slight, and highly loaded stocks a considerable, 
increase in the reading up to the third or fourth impact. This may be due to the 
establishment of a temperature gradient in the strained portions of the specimen by 
the lost fraction of the energy of the impacts. 


Agreement of ‘‘Time of Cure’’ Curves with Other Properties 


While the primary object in designing the device was to use it in duplicating the 
superficially evident properties of rubber compositions, this use soon showed possi- 
bilities of giving an indication of the state of cure in the investigation and design of 
compositions; and also of variations from standard, in control work. 

The charts included in this article illustrate the interesting agreement of ‘‘best 
cure’’ indications of the hardness and resilience curves considered together, with 
similar indications from the tensile, modulus, and elongation curves. The hardness 
figures used are “Shore” values converted from A.S.T.M. readings by means of a 
carefully worked-out table of equivalents. Resilience readings are in per cent of 
energy recovered from a full scale impact on the instrument described. All values 
are averages of readings on not less than four specimens. Both “peak” and “‘flat’’ 
cures are illustrated. 


Resilience Indications 


Comparison of the resilience values of the various stocks with their formulas 
should give valuable information regarding their applications. In general, a stock 
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showing both high impact and high ‘delayed’ resilience should make a good spring, 
one with high impact and low delayed resilience a fair spring for impact service, 
one with both values low, a good sound and vibration deadener, one with low impact 
resilience and high delayed resilience, if possible of production, a good shock ab- 
sorber. For a stock subjected to frequent and rapid mechanical working, a high 
resilience should mean a lower energy absorption, and consequently a lower working 
temperature, and longer life. 

Tables I and II give illustrations of the use of hardness and resilience readings for 
selecting from groups of trial specimens, the most desirable accelerator combination 
and curing time, where the purpose was to produce a stock of highest readily attain- 
able hardness and resilience. The first case covers a nearly pure gum stock, the 
second, a stock with a considerable, specified, whiting load. 


TABLE I 





Cure Shore Hardness Per Cent Resilience — 
Stock Lbs. Steam 6 Min. 9 Min. 12 Min. 15 Min. 6 Min. 9 Min. 12 Min. 15 Min. 


40 7 40 41 40 ea 81.2 80.4 79.7 
40 37 42 38 oe 75.7 76.6 75.3 . 
60 41 44 44 43 82.8 83 .6 83.4 81.9 


60 36 39 40 - 73.9 77.6 77.6 - 
60 35 38 39 - 73.1 76.0 76.5 5 
55 oA 41 40 39 i 82.9 82.1 81.3 


50 ‘6 40 44 43 om 83.9 82.6? 82.9 


Stock C, cured 11 minutes at 60 Ibs., was selected for dark colors. 
Stock G, cured 11 minutes at 50 lbs., was selected for light colors. 
C has a flatter cure and better aging, but discolors in lighter shades. 


TaBLe IT 


A.S.T.M. Hardness Per Cent Resilience 
10 Mi i 


in. 13 Min. 7 Min. 10 Min. 
35.5 35.0 69.5 70.5 
34.3 34.5 71.5 71.9 


Cure 
Stock Lbs. Steam 7 Min. 
0 
9 
5 48.9 46.1 63.2 64.0 
9 
6 
2 


X1 40 3 
X2 40 3 
X3 5 

4 


X4 37 .6 35.4 65.5 65.9 


Yl 38.8 37.0 70.8 71.7 
Yib 2. 40.1 39.5 69.2 69.4 
Y2 37.2 35.2 33.2 67.5 70.1 


Stock Y2, cured 13 minutes at 40 lbs., is the hardest, and shows very nearly the best 
resilience, but was discarded in favor of X2. This is nearly as hard, has slightly better 
resilience and, what is more important for the conditions of use, has an earlier and flatter 
cure. Eleven minutes at 40 lbs. was the cure used for production. 


i 
8. 
5. 
1 


40 
40 
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[Reprinted from Transactions of the Institution of the Rubber Industry, Vol. 9, No. 5, pages 363-366, 
February, 1934.] 


An Apparatus for the Extraction of 
Samples of Rubber and Other 
Materials with Solvents 


H. J. Stern and W. Pufett 


The following is a brief description of a simple, cheap and efficient apparatus 
for the extraction of small samples of rubber and other materials with solvents, 
as is required in analytical work. It may also be used for any reactions which 
involve refluxing. 














































































































Figure 1 


The apparatus is shown in diagram in Figs. 1, 2 and 3. 

The base is made from a piece of a suitable quality of heat-resisting ebonite 
such as Silvernite. On the base is mounted a series of carbon filament lamps, six 
being a convenient number for one unit. Each lamp has its own switch. Around 
the lamp is a cylinder of sheet iron or zinc, perforated as shown. These cylinders 
serve to support the flasks, which are in effect heated by warm air from the lamp. 
In the diagram the cylinders are shown with a plain top, but it is sometimes of 
advantage to have this serrated, so as to avoid any tendency for extracts to become 
“baked” above the level of the solvent. 

The uprights U are of round iron rod (0.5 inch), threaded for a few inches at the 
lower ends and fixed to the base by two nuts. The wooden crosspieces C are 
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secured to the uprights by small metal strips, which pass round the uprights and 
are secured to the crosspieces by wood screws. The condensers A hang on lengths 
of rubber tubing, which pass through holes in the 
upper crosspiece. No clamps or supports for the 
condensers are required. The rubber tubing as well 
as supporting the condenser carries water to it. 
Three condensers are run in series; if more are so 
arranged, the water in those near the exit end tends 
to become warm when the apparatus is in use. It is 
best to fit a branched tube to the water supply and 
to control the feed to each set of condensers, which 
may be easily done by fixing clips on the tubing. 

In front of the lower crosspiece are fastened light 
spring clips D. These are to hold the necks of the 
extraction flasks E and prevent them from being ac- 
cidentally disturbed or overturned. 

The condensers (Fig. 2) are of a special, but ex- 
tremely simple design. They are made from tub- 
ing 1.25 inches external diameter and 3 inches long. 
The tube is closed at the lower end and blown to a 
bulb of 1.75-inch external diameter near the upper 
end. The enlargement for the bulb begins 1.75 inches 
from the closedend. By means of this bulb the con- 
denser is supported in the neck of the flask as shown 
in the diagram. To the top of the condenser is 
fitted an ordinary rubber bung. This has two holes, 
through which pass short pieces of glass tubing, and 
to these are connected the rubber tubes by which the 

Figure 2 condensers are suspended. 
In Fig. 2 a flow-cup is shown in position. It is 
suspended by three pieces of tinned copper wire, which are attached to the cup 
through small holes near the top. A great advantage of this way of suspending the 
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Figure 3 


sample is that its position may be altered at will, not only before, but actually dur- 
ing the extraction, by manipulating the wires. Thus samples may be boiled in the 
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solvent, raised so that freshly condensed solvent falls on them, or placed to one side 
and exposed to vapor only. 

The flasks are ordinary wide mouthed flat-bottom flasks (usually known as CO, 
flasks) of 180 cc. capacity, and with an internal neck diameter of 1.375 inches. 
These are readily obtainable and do not have to be specially made or procured. 
The extracts are weighed in these same flasks, and the possibility of loss by trans- 
ference to some other vessel is so avoided. 

The apparatus may be left unattended almost indefinitely, so that extraction may 
conveniently take place over night without danger, either of fire or of loss of sol- 
vent, provided of course that there is no interruption in the supply of water or 
electricity. The individual control is a great improvement on the usual hot plate, 
and the inconveniences associated with water baths and sand baths are entirely 
avoided. Lamps of different candle power may be used to suit the solvent em- 
ployed, and the heat thus varied without complicated apparatus. The whole 
apparatus, unlike most electric laboratory appliances, is cheap, both in initial 
and in running costs. It may be readily constructed from materials which are 
generally available hand in a rubber works. 

As a large number of reflux condensers have already been described in the 
literature [See for example: W. H. Stevens, Analyst, 56, 528 (1931); De Lacy, 
Analyst, 49, 220 (1924); Griffiths and Jones, Analyst, 44, 45 (1919); Stokes, 
Analyst, 39, 295 (1914); Beadle and Stevens, Analyst, 38, 143 (1913); Pickel, 
Ind. Eng. Chem., 11, 1053 (1919); Selector, Ind. Eng. Chem., 7, 871 (1915); Nellen- 
steyn, Chem. Weekblad., 27, 19 (1930); Twiss and McCowan, J. Soc. Chem. Ind., 
36, 692 (1917) ] some word of explanation is perhaps needed for adding yet another 
to the number. The following points may be mentioned. The cost of the con- 


denser is much less than any of the earlier types, while the use of a rubber bung 
avoids fragile sealed-in tubes. The efficiency is remarkable; even ether may be 
used with a negligible loss. Strong acids may be employed, the condenser cannot 
corrode, and ground glass joints and mercury seals with their attendant troubles 
are avoided. 





